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SUMMARY 
Encouraged by the preliminary report of Bridges et £]_. (1969) 
on the correlation between heat and radiation sensitivitit;s which was 
later supported by Ahmad et^  aj. (1978) and Ahmad and Srivastava (1980), 
we became interested in the role of DNA repair system under non-physiological 
pH conditions. For this purpose we selected various radiation sensitive 
mutants of E.coli and certain strains of bacteriophage A, The effe(J. of 
non-physiological pH on E.coJi and bacten'ophaye A was studied to find out 
the nature of pH induced lesions in our system under both the in vitru as 
well as in vivo conditions. In view o1 the relatively low damage ol I col i 
cells exposed to acidic pH 4.0 and sufficient literature available on I he 
DNA treated under acidic conditions, most of the work incorporated in the 
thesis was performed under mild all<(i line (pH 10.0) conditions, The studies were 
also directed, (1) to explore the possibility for the involvement t)f maior 
DNA repair genes in alkali treated l.'.ojjj cells and bacteriophage A, {?) to 
compare pH induced damage and its repair with those of radiation and mild lieat, 
and (3) to envisage an appropriate mechanism for the injury of cells to non-
physiological pH and its repair. Some significant findings are summarized 
as under: 
EJfoct ot Non--phy.sio] ogica] pll on Bacteria 
1. A significant decrease in the 'urvival of radiation sensitive mutants recA, 
polA, res_, rer dndU_.xAwds observed as compared to their wild-type counterpart 
2. The survival of ph_r mutants of f.cdli B was tound to be iniaf f t;( ted witii n 
spect to its parent strain, t-hus tho possibility of the involvonient ot 
photoreactivation process was ruled out. 
>-
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3. The pH 10.0 injured cells were found to be recovered when incubated 
in 0.05M phosphate buffer,pli 8,0 at 37''C for 2 hr. Only a SfnaH frac-
tion (8%) of cell population still remained inviable. The recovery of 
alkali treated cells was not, affected by metabolic inhibitors such as 
rifampicin and chloramphenicol nor was it enhanced in the presence of 
ATP or NAD . No such liquid holdiny recovery was observed in mutants 
recA and lexA. 
4. The all<ali (pH 10.0) treated cells showed enhanced UV-sensitlvity as 
compared to the untreated control. However, all<;ali damaged cells exhi-
bited incomplete recovery to UV damage in 0.05M phosphtite buffer. The 
recovery of UV injury in liquid held cells does not require protein 
or RNA syntheses. 
5. Bacteria exposed to alkaline pH 10.0, exhibited an enhanced level of 
mutagenesis. However, the mutation frequency of the treated cells de-
creases to an appreciable extent following incubation in recovt?ry buffer 
for 2 hr. Contrary to the treated wild-type, the mutants rj3C-A and l_exA 
did not exhibit any increase in the mutation frequency. 
6. Alkali induced mutagenesis was also studied using Ames tester strains. 
TA104 and TA102 strains have shown the highest number of revBi"tants per 
plate. These are the CG -^  TA transition mutants and thus thu revortiints 
obtained by alkali treatment should have been formed by the TA->C{i 
transitions. 
7. An insignificant amount of lysis was observed upto 6 hr of alkali treat-
ment. Moreover, the leakage of the precursors of protein, RNA and DNA 
was also not recorded even at higher doses. 
3 
Effect of Non-physiological pH on BacterjiophagQ_ ^ 
1. Extracellular treatment of phage A as free particles at pH 4.0 and 
10.0 upto 6 hr had no effect on plaque forming units (PFU). 
2. Intracellular treatment to >, phage at pH 4.0 and 10.0 resulted in loss 
of PFU. At pH 10.0,A phage was found to be more sensitive as compared 
to pH 4.0 in all the complexes. The decline in PFU at pH 10,0 was more 
pronounced in A complexes with i-ivrA_ jrec^ A, necA, re_r and IcixA mutants as 
comparedto those of uv_rA,re^ Jl and wild-type strains. 
3. Ared-recA, Ared-uvrArecA, )red-xej' tomplexes were found to be more .^en-
sitive to pH 10.0 as compcired to Arf!_d_;W._t. complex. The njd ijeno of \ 
and recA gene of E.coji seem to have a complementary effect on the pH 
induced lesions. 
4. The inactivation of PFU of A depends on the state of the host. When wild-
type and recA hosts were treated with alkaline pH and infected with 
untreated A phage, the PFU of A declined with increase in thu treatment 
dose to bacteria. The A-£ecA complex was more sensitive to pH 10.0 as 
compared to A-w.t. 
5. Contrary to all<al i treatment to bacteria alone, liquid holding recovery 
of PFU was not observed when A-E.cojj^ complexes were held in recovery 
buffer. 
6. The host cell reactivation does not seem to be operative on pH iridui.Bd 
lesions because no significant loss in PFU was observed with pH 10.n 
treated AcI857 and Abiol mutants in untreated wild-type and uvrA 
strains. 
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7. Alkali treatment was found to be mutagenic to intracellularly treated 
X phage. Treatment to A -recA and A -uvrArecA complexes did not show any 
induction of clear plaques. However, no significant change in the mutci-
tion frequency was observed following liquid holding of trealod cells 
in 0.05M phosphate buffer at 37"C. A remarkably high mutation frequency 
was observed when treated phage particles were allowed to adiiorb on cilkali 
treated wild-type bacteria. 
8. A fraction of lysogenic population exhibited induction of lytic cycle 
during the liquid holdinq in nutrient broth at 37°C after alkali lrea1;iiient 
to lysogens for 3 hr. Incubation in recovery buffer prior tq liquid 
holding did not significantly affect the process of induction while 
complete inhibition was observed in the presence of chloramphenicol. 
In vitro Studies on Alkali Induced Lesions in DNA 
1. An e/tra band was noticed with EcoRI and several additional bands were 
obtained with Hindi, on digestion of alkali treated DNA with these 
restriction endonucleases. 
2. A significant hydrolysis of DNA (99 ng of add soluble materia! for 
500 ug DNA) was observed in case of alkali treated DNA as compared tu 
that of 16.5 pg in control and even less i.e. 6.6 iig with hyper'toni-
cally shocked DNA on incubation witli S, nuclease at 37 C. 
3. Hydroxyapatite chromatography showed a remarkably different pattern of 
elution with the alkali treated DNA. Native DNA eluted from the column 
with 0.2M and 0.25M phosphate buffers, whereas an additional peak was 
lib 
observed at 0.15M elution. This T. indicative of the fact thai; iilUM 
treated DNA might have undergone a significant amount of denaturatIon. 
4. The alkali treated and native DNA were eluted out in two major peaks 
on BND-cellulose column. But the area covered in the two peaks was 
remarkably different under the treated and untreated conditions. Much 
more amount of treated DNA was eluted out at IM NET + 50% formamide as 
compared to the untreated control. The first peak eluting at IM HIT 
has been reduced with the concomitant and proportionate increase in 
the area of second peak. This finding is also in accordance with the 
idea of certain degree of local denaturation. 
5. In vitro treatment of lambda DNA and plasmid p[;iR322 DNA with alkaline 
pH 10.0 did not exhibit any significant cliange in the electruptioretic 
pattern. However, incubation with S, nuclease after alkali ireahiient 
resulted in the decrease in the intensity of the band and iiiiKiarlnii with 
lambda DNA.With plasmid DNA, the population of linear DNA sppci(?s was 
found to increase with the concomitant reduction in the supercotled and 
relaxed forms. Almost similar kind of changes in the population of 
three DNA species of pUC 8 plasmid were observed when the E.c.oJj_ cells 
harbouring the plasmid were treated with alkaline pH. 
6. The transformation frequency was reduced with the treated DNA as wejll 
as with the treated cells. However, the degree of reduction was much 
pronounced with the alkali treated cells (64%) as compar-ed to that of 
treated DNA (48.5%). 
In view of the present findings, we propose a plausible modol to under 
stand the nature of alkali induced damage and its repair in t.roli (soe 
summary chart). 
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PREFACE 
Cellular DNA is characterized as a large, unique set of information, 
composed of four bases which code in various sequences for all other molecular 
constituents of the cell. Accumulation of damage in cellular DNA will invar-
iably result in alteration in physiological functions and will also adversely 
affect the information fidelity. The induction of such lesions may arise due 
to interaction of cellular DNA with either endogenous or exogenous agents such 
as electrophilic or nucleophilic agents or free radicals. The forms of DNA 
damage induced vary not only with the hazardous agents directly acting upon 
the DNA but also as a function of other target macromolecules they interact 
with and the specific atom of interaction on a given target molecule. Interaction 
of an electrophilic agent with DNA may thus lead to as many as twenty types 
of damages including adducts, phosphotriesters, crosslinks, strandbreaks, 
hydrations and dimers formation,etc ( H a r t ^ ^ . , 1979). The role of DNA 
damage in carcinogenesis and mutagenesis has been extensively reviewed (Cleaver, 
1975; Maron and Ames, 1983). Assay of DNA damage and repair may thus illuminate 
the mechanism of carcinogenesis and can serve as an indicator of the carcino-
genic potential of environmental agents. In order to rationally evaluate 
environmental health hazards, it is, therefore, important to examine DNA damage 
induction and its in vivo repair. 
Prokaryotic as well as eukaryotic cells have been shown to possess an 
efficient enzymatic machinery which repairs the damages caused by radiations, car-
cinogens and mutagens (Howard-Flanders, 1968; Witkin,1976; Friedberg and Bridges, 
1983), A great deal of research has been directed towards gaining an understanding 
of the mechanisms and regulation of DNA repair processes in E.coli. Physiological 
1 T 
Studies of recovery from DNA damage have established the existence of DNA 
repair processes. 
Extensive genetic and biochemical studies in this direction have 
provided new insights to elucidate mechanism of repair, regulation and 
differentiation. Untiring efforts have been made towards understanding the 
damage and repair as a result of cellular exposure to ultra-violet radiations. 
Four major repair systems have been identified in E.coli (1) Photoreactivation, 
(2) Excision repair, (3) Constitutive post-replication recombination repair, 
(4) Inducible error-prone repair. 
The primitive earth was under constant exposure to high doses of 
hazardous ionizing and ultra-violet radiations. The former has high pene-
trating power and ionizing capabilities^whereas ultra-violet light is sel-
ectively absorbed by DNA. Consequently, various DNA repair systems are 
believed to be evolved to cope up with offensive exposures of ionizing and 
non-ionizing radiations. However, now it seems logical to question the 
very existence of these radiation repair systems, especially when the ozone 
layer has already been formed protecting the biosphere from the hazardous 
exposure of radiations. This unwanted system ought to have been eliminated 
during the course of evolution. Several speculations were made around 1970 
that besides repairing radiation damages,these systems may be involved in 
normal metabolism e.g. genetic recombination (Howard-Flanders and Theriot, 
1966; Lieberman and Witkin, 1983), to cope with non-physiological environ-
mental conditions like pH, temperature and ionic strength (Bridges et al., 
1969). These non-physiological fluctuations are common in nature and seem 
to have profound effect on the growth and survival of organisms. It is 
m 
now almost an established fact that the same enzymatic machinery also 
acts upon the damages induced by mutagens, carcinogens and other hazardous 
chemicals (Ames, 1974; Ishi and Kondo, 1975; Seeberg, 1981). 
The problem took a positive turn, when Ahmad £t aj_, (1978) and Ahmad 
and Srivastava (1980) suggested that the radiation repair systems are not 
only acting upon damages inflicted by UV and ionizing radiations but also 
repair the damage caused by non-physiological temperature (52°C). The 
foregoing development paved the way for a systematic study of DNA repair 
mechanisms acting upon the damages induced due to non-physiological environ-
mental conditions like temperature, pH and ionic fluctuations. 
We have selected Lcoli and X system to test the hypothesis whether the 
same radiation repair machinery is involved in the repair of pH lesions. This 
work has, therefore, been initiated to get an insight towards understanding 
the nature of pH lesions and their plausible mechanism of repair. 
In the first chapter of this dissertation, the DNA repair systems 
and the kinds of damages induced by various damaging agents have been described 
to introduce with the subject. 
The second chapter describes some general methodology, bacterial and 
phage strains, composition of media and buffers, etc. employed in these 
investigations. 
Third chapter incorporates the data on the survival of various radia-
tion sensitive mutants of E.coli K-12 and E.coli B consequent upon their 
exposure to non-physiological pH. 
1 V 
Survival of bacte'''iophacje A on exposure to non-physiological pH 
has been presented in the fourth chapter. 
The fifth chapter deals with the in vitro studies on alkali (pH 10.0) 
induced lesions in ONA. 
Sixth chapter is devoted for general discussion and conclusion drawn 
from the experimental data. The purpose of the general discussion is to 
coordinate very-briefly the entire data and to propose a model on alkaline 
pH lesions and their repair. 
In the last the summary and bibliography are documented. 
CHAPTER I: REVIEW OF LITERATURE 
Throughout biological evolution, cellular DNA has been exposed 
to damaging agents. Damage to DNA threatens the integrity of genetic 
information and, therefore, variety of repair mechanisms have evolved to 
counter the potential hazards. Since, the life of every organism and its 
continuity from one generation to another depends on the long term stabi-
lity of the hereditary information encoded in the double helix of DNA , its 
stability and precision of replication, therefore, are preserved by enzymes 
that continually repair genetic lesions. Any kind of damage induced in the 
DNA by physical or chemical agents has to be removed and the structure of 
DNA should be restored to ensure preservation of genetic information. For 
this purpose an elaborate enzymatic machinery has evolved perhaps in every 
living species. 
When viewed in evolutionary terms, DNA repair processes in contemporary 
biological species were probably evolved to protect the organism from its 
imperfect environment. Hostile agents varying from airborne particulate 
matter, competing microorganisms, solar and cosmic radiations, foreign protein 
invasions to natural environmental products, provided the selective pressure 
for the development of anatomical, physiological and biochemical surveillance 
systems to protect against this range of insult. 
Irrespective of the plethora of new chemicals constantly introduced 
into our environment and the enormous concentration that they may attain, 
it must be expected that cellular repair systems will not have had sufficient 
time to evolve, for the purposes of handling these recently introduced agents. 
The range of specificity of repair enzymes, therefore, is probably limited 
to those chemical and physical agents to which organisms have been exposed 
since they had evolved. 
The earliest suggestion on recovery of bacteria after exposure 
to ultra-violet (UV) light was made by Hollaender and Curtis in 1935. The 
isolation of an Escherichia coli mutant {Q^^^i ) by Hill (1958), provided 
the first evidence on genetic control of radiation sensitivity. This 
strain was more UV-sensitive than parent strain and was also sensitive to 
the action of X-rays and 32p suicide (Hill and Simson, 1961). Setlo-wond 
Carrier (1964); Boyce and Howard-Flanders (1964) independently demonstrated 
that UV-induced thymine dimers in bacterial DNA were not excised in a UV-
sensitive strain but were excised in the wild-type strain. This suggested 
that excision of thymine dimers from bacterial DNA may be important for 
cell survival and that it is genetically controlled. 
Further, the same repair system has been shown to operate on the 
damage induced in DNA by carcinogens, mutagens and other hazardous chemicals 
(Ames, 1974; Ishi and Kondo, 1975; Auerbach, 1976; Seeberg, 1981; Friedberg, 
1985). Several speculations were made around 1970 that beside repairing ra-
diation damages,these systems should have been involved in normal metabolism 
e.g. genetic recombination (Howard-Flanders and Theriot, 1966; Lieberman 
and Witkin, 1983) and in the repair of lesions induced due to non-physiological 
environment (Bridges ^ aj_., 1969). The foregoing development paved the way 
for a systematic study of DNA repair mechanisms in prokaryotes and thus 
led to the discovery of additional repair systems. 
The following repair systems have been shown to be existing in bacteria: 
Photoreactivation: This is the phenomenon of recovery in which the viability 
of UV-irradiated cells is restored if irradiated cells are immediately exposed 
to visible 1ight. 
Following the independent observation of kelner (1949) and Dulbecco 
(1949), photoreactivation was observed in many organisms including some 
plants as well as animals (Goodgal £t aj_., 1957; Rupert, 1975; Sutherland, 
1981; Adkins and Allen, 1982). Largely because of its simplicity and absolute 
requirement of light, it was also the first system to be observed in vitro 
(Rupert ^ ^., 1958) and was the first to be characterized with regard to 
mechanism (Rupert, 1962a,b). 
Working with extract of yeast cells, Rupert (1962a,b) and Langeveld 
e_t aj_. (1985) showed that photoreactivating activity resides in an enzyme 
photolyase (EC 4.1.99.3) which forms a complex with UV-irradiated DNA in 
dark. The complex is dissociated upon illumination to visible light (310 to 
400 nm) absorbing one quantum of light. Pyrimidine dimers have been shown to 
be the substrate for the photoreactivating enzyme (PRE) which is the product 
of phr gene in E.col i (Van de Putte _et aj[., 1965; Youngs and Smith 1978). 
The E.coli photoreactivating enzyme (mol.wt. 37,000) contains small amount 
of carbohydrate and RNA (Snapka and Sutherland, 1980). Recently,Sancar e^ ^ 1_. 
(1985) reported that E.coli DNA photolyase is a flavoprotein which catalyzes 
the photomonomerization of pyrimidine dimers produced in DNA by* UV-irradiation. 
The mechanism of action of the PRE was proposed by Sutherland (1978) which 
support the hypothesis that the carbonyl group at position 2 of the pyrimidine 
ring may be the key moiety in the interaction between the PRE and UV-irradiated 
DNA. In vitro studies also showed that photolyase binds specifically to 
UV-irradiated DNA regardless of whether the dimers are embedded in superhelical, 
open circular, linear or single stranded DNA. The binding efficiency of a 
single photolyase DNA complex was found to be 0.34 (Sancar _et aj^., 1985). 
Photoreactivation has also been reported in plasmids and bacter-
iophages (Khadkova and Zavilgelski, 1981; Yasbin ^ aj_., 1981; Yamamoto 
et, aj^., 1984). PR enzymes are widely prevalent in eukaryotes and photore-
activation has also been demonstrated in human leukocytes and fibroblasts 
(Sutherland, 1974; Niggli and Cerutti, 1983). Decreased level of PR enzymatic 
activity was shown in Xeroderma pigmentosum cells (Sutherland jet^  a]_., 1975; 
D'Ambrosio et aj., 1981). 
Excision repair: An important mechanism for cell survival after UV-
irradiation depends upon the release or excision of pyrimidine dimers from 
the DNA by excision enzymes, and the subsequent reconstruction of the twin 
helix by repair enzymes that make use of the intact opposite strand as temp-
late. UV-induced damage in cellular DNA is also repaired in dark by excision 
repair system. Mechanism of repair of DNA by excision has been studied ex-
tensively using mutants of E.coli sensitive to ultra-violet radiations. It 
has been demonstrated that strains having mutations in one of uvrA, uvrB and 
uvrC genes are unable to excise UV-induced pyrimidine dimers frdm DNA (Setlow 
and Carrier, 1964; Boyce and Howard-Flanders, 1964; Howard-Flanders et a1., 
1966). Moreover, the strains with mutations in uvrD. polA or recA genes 
degrade their own DNA extensively after UV-irradiation suggesting that these 
genes are responsible for repair synthesis after excision (Ogawa £t^ aj_., 1968; 
DeLucia and Cairns, 1969; Boyle e j : ^ . , 1970). 
Excision repair is the process in which the lesions in DNA are 
removed and the gaps are refilled with correct base sequences using the opposite 
intact strand as template. Excision repair enzymes have also been demonstrated 
to act upon the DNA damaged by chemical mutagens and carcinogens (Kondo et al.,1970; 
Miller and Heflich, 1982). This repair system could have at least four 
steps viz. incision, excision, gap filling and sealing. The plausible 
steps are as follows: 
A specific endonuclease known as correndonuclease makes a nick next 
to the DNA lesion. Correndonuclease II acts on the difunctional lesions such 
as pyrimidine dimers induced by UV light (Braun and Grossman, 1974) whereas 
correndonuclease I acts on the monofunctional lesions. Correndonuclease II 
encoded by the uvrA,B and C^  genes incises the DNA (Seeberg, 1981). The incision 
generates the breaks on either side of the dimer and the incised fragments have 
7 nucleotides at 5'-site of the dimer and 3-4 nucleotides at 3'-site suggesting 
that uvrA,B and C^  endonuclease may release a 12 to 13 base oligonucleotide 
containing pyrimidine dimer (Yeung et^  al_., 1983). Sancar e_t ^ . (1981a,b & C) and 
Seeberg and Steinum (1983) have identified and characterized the uvrA, uvrB and 
uvrC gene products. The mol.wt. of biologically active uvrA gene product has 
been found to be 100 -130 kilo dalton (kd) (Seeberg, 1981; Sancar e^ a^., 1981a), 
The mol.wt. of uvrB protein is 84 kd, while that of uvrC protein is 58 kd 
(Sancar e;t a_l_., 1981; Yoakum and Grossman, 1981). The uvrA protein is a typical 
DNA binding protein that also shows ATPase activity (Seeberg, 1981; Kacinski 
^ a_l_., 1981). It is the subunit that initially recognizes the lesions in DNA 
and binds at damaged site, the uvrB and uvrC proteins then interact with the 
uvrA subunit and catalyse the chain cleavage by hydrolyzing phosphodiester bond 
(Lindahl, 1982; Yeung ejt aj_., 1983; Yeung et al., 1986). 
The excision step in E.coli is believed to be performed by 5'-3' ex-
onucleolytic activity of DNA polymerase I (Heyneker and Klenow, 1975; Mosbaugh 
and Linn, 1982; Husain, et al., 1985). However, the role of other endonucleases 
can not be ruled out for the efficient repair. uvrD, uvrE and mfd genes 
are also suggested for efficient excision repair (Ogawa ^ £l_., 1968; 
Van Sluis ^ aj^., 1974; George and Witkin, 1974), Subsequent genetic analysis 
has suggested that uvrE, reel, mutU and uvrD mutations are all alleles of the 
same genes (Smirnov and Abdukhalykova, 1976; Siegel and Race, 1981). 
Alternate pathways of excision repair, utilizing DNA polymerase III 
or DNA polymerase II have been demonstrated in mutants lacking DNA polymerase I 
activity (Youngs and Smith, 1973a; Johnson, 1978; McHenry and Kornberg, 1981). 
In addition to the short patch type of excision repair (Cooper and Hanawalt, 
1972a,b), a long patch pathway has been identified which requires the product 
of the recA and lexA genes and occurs only in growth supporting media (Youngs 
and Smith, 1973b; Youngs et. ^ ., 1974; Miguel and Tyrrell, 1986). Approximately 
99% of the repair events result in short patches of 20-30 nucleotides produced 
by a consitutive repair system. The remaining 1% result in patches which are 
at least 1500 nucleotides in length. This long patch repair is a damage in-
ducible process (Cooper, 1982). 
Excision defective mutants of E.coli K-12 have been found to map at 
six loci; uvrA linked to malB, uvrB linked to M_o, and uvrC linked to supH, 
as well as uvrD, uvrE and uvrF are designated as uvr mutants. The classical 
mutant strain E.coli B -,, isolated by Hill (1958) is also defective in excis-
ion repair. Mutation in any of the three loci uvrA,B and iC can cause the loss 
of ability to excise thymine-thymine or thymine-cytosine dimers (Howard-
Flanders e^ ^ ., 1966; Franklin and Haseltine, 1984). Strains with uvrD 
mutations are somewhat less sensitive to UV but are more sensitive to X-ray 
(Ogawa e^ aj^., 1968). The uvrE is also required in excision repair and most 
probably controls the repair replication (Smirnov e_t al_. ,1973a; Fouts, 1983). 
The inhibitory effect of membrane binding drugs on DNA repair 
processes was investigated in UV-irradiated cells of E.coli with different 
repair capacity, indicating that at least a component of excision repair 
is associated with the cell membrane (Todo and Yonei, 1983). 
Recently, Cohen (1983) and Umbrasaite-Ranceliene et aj^. (1986) 
reported the distribution of DNA excision repair sites in human genome and 
in some cereals viz. in barley cells. Cyclobutane type pyrimidine photodimer 
formation and excision was also reported in human skin fibroblasts after ir-
radiation with 313nm ultra-violet light (Niggii and Cerutti, 1983; Mathis and 
Althaus, 1986). 
Post-replication recombinational repair: The third type of enzymatic 
DNA repair system for the repair of DNA lesions, especially the UV-induced 
pyrimidine dimers that are neither photoenzymatically split nor removed from 
the DNA by excision repair process is post-replication repair system. This 
type of repair was first demonstrated in E.coli by Rupp and Howard-Flanders (1968), 
In such kind of lesions only the continuous progress of the DNA replication fork 
is blocked, but the reinitiation of DNA synthesis is supposed to be normal. Its 
continuity is interrupted by gaps of about 1,000 nucleotides long (Iyer and 
Rupp, 1971). These gaps are presumably situated opposite the lesions in parental 
strand (Howard-Flanders rt a_l_., 1968; Benbow et al_., 1974). 
In excision deficient uvj mutants that are otherwise normal, the major 
mechanism of post-replication repair is recombinational, requiring the activity 
of rec genes (Rupp and Howard-Flanders, 1968; Howard-Flanders et jal_., 1981). 
A hint of possible involvement of recombination in the process of repair after 
UV-irradiation was first obtained when multiplicity reactivation was discovered 
8 
(Luria, 1947). The cloning and the expression of recA gene have been studied 
by DeVos (1983). Studies with purified recA protein in vitro have shown that 
it is a single stranded DNA dependent ATPase (Roberts _e^ aj ., 1979; Weinstock 
^ aj^., 1979). It also seems to promote homologous pairing between DNA molecules 
having a variety of structures (McEntee e^ aj_.,1979; Cunningham ^ ^., 1980; 
West e^ a]_., 1981a). Moreover, strand assimilation (Das Gupta ^t aj_-, 1980; 
Cox and Lehman, 1981a,b; Das Gupta and Radding, 1982) and strand exchange 
have also been suggested to be mediated by recA protein under in vivo as well 
as in vitro conditions (Radding, 1982). The most facinating property of 
the recA protein of Escherichia coli is its ability to form filaments with 
nucleic acid (Flory and Radding, 1982; Dunn et^  aj[., 1982). These filaments 
interacts with linear DNA molecules and exhibit end-joining activity (Register III 
and Griffith, 1986). The recA protein also plays an important role in SOS 
induced targeted mutagenesis in addition to its recombinational and regulatory 
roles (Walker, 1984). Recently, Lu e;t an_. (1986) have proposed a model for 
the targeted mutagenesis. According to this model (i) recA protein should 
bind more effectively to UV-irradiated double stranded DNA than to un -irradiated 
DNA (ii) recA should inhibit the 3 ' — 5' activity of the isolated e subunit of 
DNA polyemerase III. 
Two models have been presented to explain post-replication repair 
i.e. gapped synthesis (Rupp and Howard-Flanders, 1968) and replicative by-
pass (Higgins e^ al-, 1976; Livneh and Lehman, 1982). These two models suggest 
that if DNA was replicated, daughter strands would be synthesized in short 
pieces according to gapped synthesis or would be intact according to replicative 
bypass . However, if post-replication repair was blocked, fork progression 
would be blocked in replicative bypass but not in gapped synthesis. Pyrimidine 
dimers in single stranded regions of duplex DNA can not be excised 
(Hanawalt e;t a^., 1979). However, they can be bypassed and thereby become 
the part of chromosome. Recombinational bypass of pyrimidine dimers is 
promoted by recA protein in E.coli (Castellazzi et a]_., 1980b ; Livneh and 
Lehman, 1982). 
E.coli is capable of performing post-replication repair via a number 
of distinct pathways. RecA bacteria are deficient in post-replication repair, 
however, mutation in recB , recC , lexA , recF , recN"*" and polC: genes are also 
known to affect post-replication repair (McHenry and Kornberg, 1981; Lovett 
and Clark, 1983; Picksley et aj[., 1984). The recombination deficient, the 
so called j^ ec mutants, (recA,B and C^ ) were first isolated by Clark and 
Margulies (1965). recF mutant was isolated by Horii and Clark (1974) and 
further studies were carried out by Lovett and Clark (1983). The recE and 
recJ loci have also been recently identified in E.coli and the genetic and 
biochemical characterization of reel mediated pathway has also been done 
(Fouts, 1983; Willis, 1984; Lovett, 1984). 
Inducible error-prone repair; the SOS repair hypothesis: The 
designation SOS (the international distress signal) repair implies an error-prone 
repair induced under enormously stressed condition of cells. The existence of 
SOS network was first clearly postulated by Defais et^  aj, (1971) and this hypo-
thesis was amplified and developed by Radman (1974, 1975) and Witkin (1976). 
Cells of many types, varying from prokaryotes to mammals respond dramatically, 
when their DNA is damaged by agents such as UV, X-rays or certain chemicals 
especially those interferring with DNA replication. In E.coli, DNA repair 
systems are activated, cell division is altered, integrated viruses are 
induced and respiration is inhibited (Witkin, 1976; Little and Mount, 1982). 
These and other inducible processes are part of a highly integrated and 
10 
sophisticated regulatory net work called the SOS system. As the name 
implies, the system helps the cells to recover from DNA damage. Mutants 
that are unable to induce the response show increased sensitivity to DNA 
damaging agents. This repair pathway requires protein synthesis for ex-
pression. It is inducible, and is believed to be responsible for a common 
mutagenic pathway (Radman, 1974; Witkin, 1976). The SOS responses affect 
several different types of cellular processes. Some of the responses, like 
the induction of DNA repair system, clearly aid in recovery from DNA damage, 
while the significance of others, such as the respiration block, filamentous 
growth of cells and septation block,etc. are less obvious (Little and 
Mount, 1982; Kenyon, 1983). 
Several bacterial SOS genes have now been identified, in general by 
fusing lac to the regulatory regions of the genes thought to function in the 
SOS responses, and then testing for SOS induction (L'ittle and Mount, 1982; 
Kerr/on and Walker, 1982; Walker, 1985). These are uvrA and uvrB (DNA repair), 
umuC (mutagenesis), sfiA (filamentation) and himA (site-specific recombina-
tion), the several djji genes with unknown functions, recA, and the gene for 
the other regulatory element lexA (Kenyon, 1983). Recently,the role of RecBC 
and recN genes have also been investigated in SOS induction (Chaudhury and 
Smith, 1985; Finch, et ^., 1985). 
Two regulators the r_ecA and jexA proteins, control the SOS response. 
The basic structure of the system is a set of subordinate genes that are 
repressed under normal conditions by a single repressor (JexA protein) and 
are derepressed by a second regulator (recA protein) in response to DNA 
damage. In addition fine controls and feedback loops were believed to be 
operative in modifying the intensity and duration of the SOS response and 
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to permit the differential expression of the subordinate genes (Kenyon, 1983). 
The regulation of the SOS system is now understood at a molecular level. One 
of the regulatory proteins, the lexA protein, is a repressor that binds to 
similar operator sequence in each gene (Little ejt a][., 1981; Sancar et al., 
1982). During SOS induction, this repressor is cleaved between aln-gly bond 
by the second regulator, the recA protein(Little, 1984)- RecA protein acquires 
a specific protease activity to form recA when it interacts with an intra-
cellular molecule that results from certain type of DNA damage (Craig and 
Robert, 1980; Sauer et al_., 1982; Takahashi et al., 1986). The SOS response 
is transient and thus following DNA repair and the removal of the inducing 
stimulus (i) the recA protein loses its protease function (ii) the level of 
lexA repressor rises and (iii) repression of the SOS genes resumes (Brent and 
Ptashne, 1981; Little £ t ^ . , 1981; Sancar £t aj_., 1982). Recently,Sal 1 es et aj_. 
(1985) reported that r-ecA immunological assay can be used as a tool to analyse 
the SOS response. 
The mechanism by which recA protein inactivates the repressor, was 
studied by Little and Mount (1982). Protein 'X' was shown to be the product 
of recA gene of mol.wt. 40,000 (Little and Mount, 1982). In addition to re-
gulating the expression of SOS genes, various lines of evidence suggests that 
recA protein may participate directly in certain DNA repair pathways (Hanawalt 
e^^.,1979; Krasin and Hutchinson, 1981), in mutagenesis (Bagg^t a]_., 1981), 
inhibition of DNA degradation (Volkert e_t a]_., 1979) and in inducible DNA 
replication (Lark and Lark, 1978). The lexA gene product has also been purified 
and characterized (Brent and Ptashne, 1981; Little et£[., 1981). Its mol.wt. 
was found to be 24,000 and it inhibited the in vitro transcription of the recA, 
lexA, uvrA, uvrB, dinA and dinB genes. The repressor was shown.to be bound 
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to the operator sequences of these genes in DNA footprinting experiments 
(Kenyon and Walker 1982). The transcription of the lexA gene is repressed 
by its own gene product, the lexA protein which binds cooperatively to op-
erator sequence preceding the transcription start site ( Little, 1984). 
Certain inducing treatments seem to require nuclease activity, 
suggesting that a DNA breakdown product is involved. Among the possibilities 
are (i) single stranded DNA plus a nucleotide cofactor , substances that 
activate the recA protein vn vitro , and (ii) a dinucleotide d(purine-G), 
which has been shown to activate the SOS system when diffused into permeabilized 
cells (Little and Mount, 1982). Salles and Defais (1984) also reported that 
single strand breaks in DNA were able to restore the induction of the _rec_A 
protein. 
Among the damage inducible responses in lower eukaryotes are repair 
system in Ustaligo (Lee and Yarranton, 1982) and Neurospora (Stadler and 
Mayer, 1981), and recombination in yeast (Fabre and Roman, 1977). In mammalian 
cells, integrated SV40 viruses are replicated (Lavi, 1981), DNA sequences can 
be ampl ified (Tlsty et aj_., 1982), DNA repair system seems to be activated 
(Witkin, 1976 ; H a n a w a l t ^ ^ . , 1979), and processes that can ultimately 
cause cancer are initiated. Very little is known about how these responses to 
DNA damage are coordinated (Kenyon, 1983). 
Srivastava (1976) discovered a radiation sensitive strain, which is 
mutated in rer gene of E.coli K-12 and its radiation sensitivity was found to 
be associated with DNA replication. It was proposed that rer gene controls 
the replication of damaged DNA and thus regulates the coordination between repair 
and replication of damaged DNA. It has been suggested that rer is an inducible 
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gene which is derepressed as the SOS signal is released due to imbalance 
in repair and replication. The rer- gene product does not seem to have 
a direct role in repair but can direct a control system on replication 
of damaged DNA (Srivastava, 1978). 
Adaptive response: Leona Samson and John Cairns in 1977 discovered a 
new form of DNA repair called as adaptive response. They also reported 
that adaptive response is an inducible repair system of Escherichia coli 
which reduces the mutagenic and cytotoxic effects of alkylation damage. 
Subsequent work by Cairns et a]_. (1981) showed the adaptive response to 
be specific for alkylating agents i.e.exposure of E.coli to sublethal con-
centrations of N-methyl-N'-nitro-N-nitrosoguanidine causes "adaptation". 
In adapted cells the induction of Weigle reactivation and W-mutagenesis 
by alkylating agents is almost totally blocked. Despite the fact that adap-
tation has no detectable effect on UV mutagenesis in E.coli K-12, it does 
inhibit to some extent the UV and tif-1 mediated induction of SOS functions 
such as W-reactivation and A prophage induction. Furthermore, the kinetics 
of induction of W-mutagenesis following UV treatment are also altered by 
adaptation. The adaptive response seems to specifically block the induction 
of an error producing W-reactivation capacity, which normally would increase 
soon after UV treatment, whereas it affects the error free W-reactivating 
system to a lesser extent (Defais et^  a_l_., 1980). Subsequently, Schendel and 
Defais (1980) reported that active umuC gene is necessary for most methyl 
methane sulfonate or N-methyl-N'-nitro-N-nitrosoguanidine (MNNG)-induced 
mutagenesis in either normal or adapted cells. 
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Lindahl et. a]_. (1982) have proposed that the methyl transferase 
is a unique suicide enzyme which greatly enhances the rate of demethylation 
of the 0 -position of guanine by way of a covalent abstraction of the methyl 
moiety. Role of 0 -methyl guanine DNA methyl transferase is well documented 
in the repair of alkylation damage (Demple et^  aj_,, 1982; Defais, 1985; 
Brennand and Margison, 1986). The adaptive response in E.coli is reported 
to be under positive control of ada gene. The d^ai gene was cloned by Sedgwick 
(1983) and was shown to code for 39,000 dalton protein (Teo ^ ll-, 1984). 
At least two enzymes are induced during the adaptive response viz. 3-methyl-
adenine DNA glycosylase II and 0 -methyl guanine DNA methyl transferase 
(Defais, 1985). 
The wide spread 0 -methyl guanine DNA methyl transferase is absent in 
certain human tumour cell strains,lymphoblastoid cell lines and some rodent 
tissues, among the latter may be found the target tissues for carcinogenesis 
by alkylation (Day et al., 1980; Sklar and Strauss, 1981; Yarosh, 1985). 
DNA Repair in Bacteriophages 
The damages induced in ADNA by UV-radiation are repaired utilizing 
one or more of the three processes: 
Host cell reactivation: Host cell reactivation is the capacity of un-
irradiated host to reactivate irradiated phage (Garen and Zinder, 1955; Harm, 
-f. 
1963). Bacteria proficient in host cell reactivation are referred to as HCR . 
This is the most efficient repair process which is error free or non-mutagenic 
(Harm, 1963). Genes involved in repair of bacterial DNA also affect repair 
of A DNA. Host cell reactivation has been demonstrated to be due to excision 
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of pyrimidine dimers (Boyle and Setlow, 1970). Lane ^  a]_. (1979) suggested 
that DNA polymerase I, and to a lesser extent endonuclease VI, the major AP 
endonuclease in E.coli ^ are necessary for host cell reactivation. The role of 
3-methyladenine DNA glycosylase in the survival of methylated T^ phage in host, 
cell reactivation has also been recently demonstrated (Mamet-brately and 
Karska-Wysoeki, 1982). 
Prophage reactivation: Prophage reactivation is the process of DNA repair 
of UV-irradiated phage when the host bacterium contains the heteroimmune homo-
logous phage (Jacob and Wollman, 1953). This type of reactivation does not occur 
if the host is non-lysogenic or lysogenic with non-homologous phage (Jacob 
and Wollman, 1953). This phenomenon is believed to be due to recombination 
between the homologous DNA or UV-induced phage and the intact resident phage 
(Chase, 1964; Devoret and Coquerelle, 1966; George and Devoret, 1971), This 
process makes use of recombination repair enzymes of host (Howard-Flanders and 
Theriot, 1966) and j^ ed gene of phage A but not the jjit gene (Blanco and 
Devoret, 1973), No UV mutagenesis seems to result by prophage reactivation 
(Miura and Tomizawa, 1970; Blanco and Devoret, 1973), 
Weigle reactivation; Weigle reactivation is defined as the increased 
survival of UV-irradiated phage, when the host bacterium is also exposed to 
UV, prior to infection (Weigle, 1953), This phenomenon is accompanied by high 
frequency of mutation, W-reactivation of bacteriophage A is independent of 
both excision and recombinational repairs and that it depends on a new error-
prone repair activity induced in host cell by UV-radiation and other SOS 
inducing treatments (Devoret_et al,, 1975; Caillet-Fauquet and Defais, 1977; 
Knudson, 1983; Bridges, 1983), W-reactivation of UV-irradiated A does not 
require the function of uvrA and polA genes but it requires functional recA 
and lexA gene (Defais jt ^ I . . 1971; Frochlich, 1981), 
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Bacteriophage x which makes use of bacterial machinery for its 
transcription and maturation also codes at least in part its own repair 
system which appears to complement with that of bacteria. Two genes of 
phage A have been shown to influence radiation sensitivity. These are designa-
ted as red and gam. The red and l^am play a more significant role in rep-
lication and maturation of phage during normal vegetative growth. 
The £ed strain of A makes the phage totally recombination defi-
cient in recA host, in the wild-type bacteria vegetative recombination is 
also affected (Echols and Gingery, 1968; Signer and Weil, 1968). The red 
gene codes for two proteins, exonuclease V and B-protein. The former is 
considered equivalent to recBC coded DNase. Deficiency in gene red renders 
phage sensitive to y-rays and mild heat (Srivastava, 1973; Ahmad and Srivastava, 
1980). It has been shown in alkaline sucrose gradients that y-rays induced 
ssb (single strand breaks) may be repaired by red pathway (Srivastava, 1973). 
The ^am mutant was isolated by Zissler ^ aj_.. (1971) and was shown 
to cause a slight recombination deficiency in phage A. It was later shown 
that Y-pi"Otein interacts with recBC nuclease (Unger and Clark, 1972; Trgovcevic 
and Rupp, 1974; Dykstra et aj^., 1984). The a^ni mutants are only marginally 
UV-sensitive in uvrA recA strains. However, these mutants have been shown to 
be sensitive to X-rays in wild-type and DNA polymerase I defiQient strains 
(Trgovcevic and Rupp, 1975). Both c|am and _red genes have been assumed to act 
independently (Trgovcevic and Rupp, 1975). 
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Human Genetic Disorders that may be Related to DNA Repair Deficiency 
The following human genetic diseases have been suggested to be 
affecting the DNA repair system in body i.e. Xeroderma pigmentosum (Kraemer, 
1977; F o r n a c e ^ ^ . , 1986a), Bloom's syndrome (German, 1978; Ockey and 
Saffhill, 1986), Ataxia telengiectasia (McFarlin et a1., 1976; Fornace et ^ ., 
1986b), Fanconi 's anemia (Fanconi, 1927; Ishida and Buchwald, 1982), Progeria 
(Debusk, 1972; E p s t e i n ^ ^ . , 1973), Retinoblastoma (Weichselbaum et al.,1978; 
Wood et a/[., 1982), Dyskeratosis congenita (Carter et^  al^., 1978), Cockayne's 
syndrome (Lehman and Mayne, 1981; Yatani, £t aj.,1982). 
A more detailed information about genetic diseases may be obtained 
from the reviews on the subject (Hanawalt et ^ ., 1978; Inoue, 1985). These 
DNA repair diseases are \/ery rare mostly due to their autosomal recessive 
character. Hence the symptoms are produced in individual who receives two 
copies of the defective genes. Persons with only one copy are rare gene carriers 
passing the gene to their progeny, but who do not themselves develop symptoms 
(Marx, 1978). 
DNA Lesions 
Most physical and chemical agents reacting with DNA induce a large 
variety of products. In many cases lesion induced by different agents are 
structurally related and are expected to have similar effects on the local 
conformation of DNA helix (Painter, 1978). Structurally related lesions are 
also expected to have similar biological effects regardless of the agents 
responsible for their formation (Cerutti, 1975). Considerably more is known 
about the lesions introduced by UV light and certain alkylating agents than 
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those produced by ionizing radiations, heat or pH-treatments. Lesions 
induced by UV, ionizing radiations, heat and pH are summarized as under; 
UV-induced lesions: UV light is selectively absorbed by DNA in living 
cells and 98% of the UV-induced lesions constitute cyclobutane type pyriniidine 
dimers. The pyrimidine dimers formed in the DNA of irradiated bacteria appear 
to comprise 50% thymine-thymine, 40% thymine-cytosine and 10% cytosine-cytosine 
dimers. The dimers have been extensively studied both in vitro as well as 
in vivo (Setlow and Setlow, 1972; Patrick and Rahn, 1976). Less predominant 
and rarely reported UV lesions mostly demonstrated in vitro conditions comprised 
of thymine dimers of other than 5,6-unsaturated linkage of cyclobutane type 
(Donnellan and Setlow, 1965; Varghese and Patrick, 1969; Varghese, 1970), un-
zipping of DNA strands in the vicinity of pyrimidine dimers (Gupta and Mitra, 
1974), interstand cross-linking (Glisin and Doty, 1967) and cross-links between 
DNA and proteins in case of bacteriophage (Smith, 1962; Smith and O'Leary, 1967). 
Single and double strand breaks are produced by UV-radiations in E.coli and 
normal human cells and are also believed to induce SOS response (Brodley and 
Taylor, 1981; Tuveson e^ ^ _., 1983; Zavilgelski et^  aj_. ,1984; Caldeira de Araujo, 
and Favre, 1986). 
Ionizing radiations: Ionizing radiations induce a number of damages in 
DNA including the single strand breaks, alkali labile sites, double strand 
breaks and DNA-protein cross-links (Lehman, 1978; I l i n a ^ ^ . , 1983; Ward, 1985) 
The single strand breaks are considered to be repairable lesions (Town et al_., 
1971; Netrawali and Nair, 1983; Vanderschans ^ aj_., 1984) whereas the double 
strand breaks and base damages are considered to cause lethality. Apurinic 
and/or apyrimidinic sites are present immediately after Y-irradiation, and 
incubation of the irradiated DNA in neutral solutions resulted in increase of 
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such sites (Lindahl and Ljungquist, 1975). Ionizing radiations have also 
been reported to alter the membrane of irradiated bacteria (Alper, 1968; 
Nair and Pradhan, 1976; Bezlepkin and Gaziev, 1983). 
Heat lesions: Heat damage involves the multitarget destructions of living 
cells. It affects the viability of cells due to the damage in DNA, RNA, [)roteins 
and cellular membranes (Strange, 1976; Busta , 1976; Kostina, 1983). At super-
optimal temperatures, there occurs spontaneous hydrolysis of DNA between 
80-100°C (Eigner et al., 1961), depurination (Greer and Zomenhoff, 1962), 
thermal denaturation (Ginoza and Zimm, 1961; Vorlickova and Palecek, 1970), 
in vivo thermal degradation of DNA (Sedgwick and Bridges, 1972) and induction 
of single and double strand breaks at 52°C (Bridges ^ aj_., 1969b; Woodcock and 
Grigg, 1972; Harada ejt a^., 1984). No such breaks were found in vitro. At 
52°C bacteriophage DNA exhibits regions of transient local denaturation at 
characteristic points throughout the genome (Inman, 1966). It is believed that 
strand breaks are enzymatic (Goldmark and Linn, 1970; Sedgwick and Bridges, 1972). 
In E.coli, mutations at resA, recA, exr (Bridges jet ^ . , 1969a,b; 
Ahmad et cf[., 1978; Greez et a]^., 1984), and Jjj^ (Pauling and Beck, 1975) loci 
were reported to increase heat sensitivity. Other than DNA, the most frequent 
heat damage include the alteration in the permeability behaviour and damage 
to RNA (Hurst, 1977; Ahmad, 1978). Damage to cell membrane has been demonstrated 
by decreased salt tolerance of the cells (Busta and Jezeski, 1963; Smolka ct al., 
1974). Heat treatment caused generalized protein denaturation which was cor-
related with cell death (Rosenberg et^  a^ l-, 1971). 
Ahmad et aj_. (1978) and Ahmad and Srivastava (1980) investigated 
the role of radiation repair gene in E.coli and bacteriophage X exposed to 
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52°C. The recA, lexA and polA mutants of ^ .£oli were more sensitive than 
the wild-type, recB and uvrA strains. Liquid holding recovery was influen-
ced by lexA function of E.coli (Ahmad _et ^ . , 1978). Phage A was not affected 
at 52°C as a free particles. However, intracellular heating inactivated 
A and the sensitivity is depended largely on bacterial strains^. For the 
repair of A DNA, the gene function of polA , uvrA JexA and recA of E.coli 
and red of A are required. The uvrA gene seems to play an important role 
in the repair of A DNA but not in the bacteria alone (Ahmad and Srivastava, 1980), 
pH lesions: The effect of pH on the changes in physical properties of DNA 
was first observed by Vilbrandt and Tennent in 1943. Later, Gulland et a_l_. (1947) 
and Creeth e_t ^ . (1947) observed the ability of acid and alkali to bring 
about irreversible changes in DNA. Treatment of DNA to pH 2.5 and 11.5 at 
25°C was found to produce a marked change in the titration value and viscosity 
(Creeth ^ ^ . , 1947). Thomas and Doty (1956), Schachman (1957) and Coates (1947; 
have studied the change in size and shape of DNA consequent upon the treatment 
with acid. Similar changes with alkali were reported by Ehrlich and Doty (1958). 
There was a pronounced contraction of the nucleate ion at pH 3.0 which became 
^ery marked at pH 2.6, whereas the volume of the ion was approximately one-
twelfth to that at pH 6.5. These changes in volume calculated from light 
scattering data reflect the alteration in viscosity with pH (Alexander and 
Stacey, 1955; Mathieson and Matty, 1957). Other abrupt changes in the physical 
properties of solution of DNA at a narrow limits of pH include the loss of 
streaming birefringence (Creeth ^ aJL-, 1947; Mathieson and Matty, 1957) 
increase in UV absorption at 259 nm and decrease in optical dichroism 
(Cavalieri et al., 1956). 
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When DNAwas treated at low pH values, both purine bases were 
liberated, but the reaction was initially faster for guanine than for 
adenine (Tamm et _a_l_., 1952). The DNA exposed to pH 1.6 at 37°C required 
about 24 hr for the removal of all the purine residues. By this time 
the DNA molecule has been fragmented into several hundred pieces. This 
degraded product is known as apurinic acid. Exhaustive acid hydrolysis 
yields, of course, the pyrimidines, sugars and phosphoric acid. Thus it 
is clear that mild acidic conditions result in changes in macromolecular 
configuration, with no depolymerization, while the stronger acidic condi-
tions result in major destruction of the molecules (Tamm et^^., 1952). 
Depurination occurs slowly at alkaline pH (Greer and Zamenhoff, 1962) and 
these sites are sensitive to alkaline hydrolysis so that any depurination 
would be rapidly followed by chain scission at pH 14 (Shapiro and Chargaff, 
1964). The rate of depurination of radiolabelled double stranded Bacillus 
subtil is DNA was followed as a function of temperature, pH and ionic 
strength (Lindahl and Nyberg, 1972). The lesions introduced in this way 
were supposed to be repaired under in vivo conditions. In case of A and 
P„ phage, DNA exposed to pH 11.4 exhibited complete denaturation (Inman, 1974). 
The alkali catalysed scission of DNA strand during centrifugation 
in alkaline sucrose gradient was observed by Hill and Frangman (1973). At 
0.3N NaOH, E.coli DNA in crude lysate was cleaved at a rate of about 1 break/10 
daltons/hr. Exposure of DNA to low pH in the form of a sufficiently dilute 
solution resulted in the structural transition, leading to a state character-
ized by high scattering, reduced hypochromism and increase in optical density 
(Dore e^ aj[., 1972). An increase in the Na ions resulted in the stablization 
of DNA molecule at pH values below 9.5,whereas at higher pH values the stability 
was reduced (Morelli and Frontalli, 1971). 
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Cavaleiri and Rosenberg ( 1956) postulated that acid and alkali 
denaturation of DNA might involve the addition or Subtraction of proton to 
acid-base groups participating in the hydrogen bonding that consequently 
brings about the rupture of hydrogen bonds. According to this mechanism 
the proton exchange between the treatment medium (acid or alkali) and the 
acid-base groups involved in the hydrogen bonded structure occurs whenever 
a threshold is reached. A kinetic analysis of the structure and mechanism 
of conformational transformations of DNA in solution at various pH values 
was also performed (Smolyaninova ^ ll-, 1973), The change in pH (5.38-3.8) 
of a solution of calf thymus DNA at 13°, 18° and 30°C did not cause any signi-
ficant change in the absorbance of solution. Three types of curves were obtain-
ed after an additional shift of pH indicating at least three types of conforma-
tional transition in DNA (a) in the pre-denatured region, (b) in the denatured 
region and (c) in a narrow interval at the beginning of the denatured region. 
The first stage of conformational change was the fastest (<103 sec) and 
corresponds to the breakdown of hydrogen bonds (Smolyaninova ^ ^., 1973). 
Significant amount of conformational changes wa'^  observed in the duplex DNA 
at an Y-irradiation dose of 1 krad with acid denaturation at pH 3.0-3.5. Similar 
type of change was obtained even at 10 krad exposure but with pH 4.1 (Olinski 
et al-, 1977). 
Cross-linking of DNA has also been reported by Freese and Cashel (1964) 
on exposure to low pH, The effect of pH on calf thymus DNA was also analyzed 
using electron microscopic, infro-red and Raman spectroscopic techniques 
(Sukhorukov et a_l., 1972; Dore et aj_., 1973; O'Conner e^ ^ ., 1982). The 
Raman spectra in the acidic region demonstrated the multistepped denaturation. 
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The binding of H to adenine and cytosine residues was believed to be 
accompanied by decrease in the percentage of DNA in the B-conformation 
and a concurrent increase in conformation similar to C types. The 
denaturation of DNA was observed at pH 3.3 that was parallel to pro-
tonation of guanine bases. The Raman spectra of calf thymus DNA in the 
basic region (pH > 10) showed that the guanine residues were deprotonated 
at lower pH values than were thymine residues (0'Conner _e_t a_h, 1982). 
Purine bases were the first sites in the protonation of the DNA double 
helix whereas cytosine protonation was due to a proton induced conforma-
tional transition within guanine-cytosine pairs with proton transfer from 
N-7 of guanine to N-3 of cytosine. Within the unwound regions, the bases 
were protonated in the order of cytosine>adenine >guanine (Smolyaninova 
£t aj^., 1982). According to these workers the guanine-cytosine pairs are 
the primary centers in which the unwinding of protonated DNA occurs. 
The exposure of viral particles to non-physiological pH, ionic 
strength and temperature, greatly influence their stability. These viruses 
usually remain stable for hours, at temperature below 20°C,if the pH of 
the suspending medium is between 5 and 6 on the acid and 8 to 9 on the 
alkaline side (Herriott and Barlow, 1952; Gard and Maaloe, 1959). Vasicular 
stomatitis viruses exhibited different alterations as a result of varying 
pH treatments. The nucleoprotein core was found to be separated from 
viral envelope at pH 1.5 whereas at pH 11.0, the virus broke down into 
several components. Exposure to pH 13.0 however,resulted in removal of 
glycoprotein surface projections (Mudd, 1973). 
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Growth and survival parameters of Vibrio parahemolyticus at 
different pH values were determined as a function of temperature and 
ionic strength of the nutrient medium (Beuchat, 1973). The viability 
of E.coli was found to be significantly reduced as a result of exposure 
of cells to pH 4.2 for 1 hr (Roth and Keenan, 1971; Przybylski and 
Witter, 1979). There were no detectable amount of 260 and 280 nm 
absorbing materials leaking out during the course of acid injury (Przybylski 
and Witter, 1979). Several bacterial cultures harvested at the beginning 
of log phase undergo lysis, when subjected to strongly basic pH treatment 
(Francis ejt aj^., 1975). Cytoplasmic material under these conditions totally 
disappears, while a wall fraction containing peptidoglycan remains intact. 
Bacterial cell wall of Bacillus megaterium, Lactobacillus plantarum, 
Micrococcus lysodeikticus. Staphylococcus lactis, _S. saprophyticus and 
S.aureus on treatment with 0.5M NaOH at room temperature showed that only 
the wall of the Staphylococcus dissolved completely (Archibald and Coapes, 
1969). As a result of 5 to 10 min exposure to pH 12.0, E.coli cells showed 
destruction of the cell wall, outer membrane and changes in plasmolemma 
(Polyakov et al., 1971). Exposure of the cells for 60 min resulted in the 
complete disorganization of cell wall, as well as changes in the cytoplasmic 
membranes and nucleoid region (Polyakov e^ ^ . , 1971). 
In view of the present literature, we initiated a research project 
on the effects of low and high pH conditions in E.coli and bacteriophage A. 
However, due to an insignificant damage at pH 4.0 in our system as well as 
a tremendous amount of available literature on in vitro effect at low pH, 
our main emphasis was on the alkaline conditions to understand the mechanism 
of alkali damage and the repair of pH 10.0 induced lesions. The major 
objectives were as follows: 
1. To determine the involvement of radiation repair genes, 
if any, in alkali treated E.coli and bacteriophage X. 
2. To find out the appropriate physiological conditions for 
the recovery of alkali damaged cells. 
3. To analyse the nature of alkali induced lesions in vitro 
conditions. 
4. To identify the in vivo DNA lesions. 
5. To investigate the in vivo lesions other than those in the DNA. 
CHAPTER II: GENERAL MATERIALS AND METHODS 
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Table 1 : The Lscherlchia co11 and Salmonella typhimurium strains 
used in this study have been tabulated as under 
Strain 
designation Relevant genetic markers Source 
E.coli K-12 strains 
AB1157 
AB2463 
AB2470 
ABl 
AB2494 
AB2480 
BS39 
thid' 1^9.^^' 'h_r-i' l^ iiBe 
proA2, hisG4, lacYlj", Str'^, A^ 
recA13, tiii_-J-, argE3, th_r-l 
leuB6, proA2, hjsG4, F~, Str*^, A 
recB21, thi-1, argE3, thr-1 
r , s leuB6, proA2, hisG4, F , Str ,A 
uvrA6, thi-1, argES, thr-1, 
leuB6, proA2, hisG4, lacYl, F 
Str[, A^ 
lexA, thi-1, thr-1, 1euB6, 
proA2, hisG4, metB, lacYl, F' 
Str^ A^ 
uvrA6, recA13, t h i - 1 , argES, 
thr-1, leuB6, proA2, hisG4. 
lacYl , F' , Stri_, A^ 
rer, arg, thr-_l , j_e_u, pro, 
r s h is , F , Str , A 
Howard-Flandors, P, 
Howard-Flanders, P. 
Howard-Flanders, P. 
Howard-Flanders, P. 
Howard-Flanders, P, 
Howard-Flanders, P. 
Srivastava, B, 
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Strain 
designation 
C500 
JC8471 
JC9239 
JW165 
JW164 
Relevant genetic markers 
thr, leu, thi, lac," x 
recL152, thr-1, leuB6, proA2, 
hisG4, argE3, thi-1, lacYl, x^ 
recF143, thr-1, leuB6, proA2, 
hisG4, thi-1, lacYl, X ^ 
thyA36, rha-5, malB45, lacZ53,X^ 
polAl, thyA36, rha-5, malB45, 
lacZ53, A^ 
Source 
Thomas, R. 
Bachmann, B, 
Bachmann, B, 
Bachmann, B, 
Bachmann, B, 
.J 
J. 
• J. 
.J. 
E.coli B strains 
H/r30R 
H/r30 
NG30 
R15 
u + + + 
phr , uvr rec ,arg 
phr, uvr rec , arg 
phr, recA, arg 
phr , res-1, arg 
Kato and Kondo 
Kato and Kondo 
Kato and kondo 
Kato and Kondo 
TA97a 
TA98 
TAIOO 
TA102 
TA104 
Ames strains 
uvrB, hisD6610, bio, rfa 
uvrB, hisD3052, bio, rfa 
uvrB, hisG46, bio, rfa 
uvrB,hisG428, bio, rfa_ 
uvrB, hisG428, rfa 
Ames, B.N. 
Ames, B.N. 
Ames, B.N. 
Ames, B.N. 
Ames, B.N. 
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Table 2 : The strains of phage x used in this study are tabulated 
as under. All strains were obtained from Dr. R. Thomas. 
Strain 
designation Description 
xc^  or A^ Wild-type strain. It forms turbid plaques on all 
the E.coli K-12 strains described in Table 1. 
xred Recombination-defective mutant. It is defective 
in Exonuclease V and g-protein. It is also having 
a temperature sensitive cl^ mutation and does not 
form detectable plaques on polA mutant of E.cojj K-12. 
xbiol Recombination deficient mutant(i.e. red" iiarn"). It 
does not multiply in recA mutant of E.^i_ K-12. 
xvir Virulent strain. It contains an absolute defective 
mutation in the immunity region and, therefore, forms 
clear plaques. 
xcX857 Conditionally defective £l_ mutant. The strain codes 
for a temperature sensitive immunity repressor. Lytic 
o o 
cycle is operative at 42 C and lysogenic at 32 C. 
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Methods 
Maintenance and growth of bacteria; Each strain of E.col i was 
streaked on nutrient agar plates. A single colony was picked up and 
repurified by streaking on agar plates. The culture was tested on the 
basis of associated genetic markers raising it from a single colony 
from the master plate. Having satisfied with the test clone the 
culture was raised and streaked on nutrient agar slants . It was then 
allowed to grow overnight at 37°C and stored at 4°C. Every month 
cultures were transferred on fresh slants. 
Overnight culture was raised in nutrient broth at 37°C. The 
culture was diluted fifty times in fresh broth followed by shaking at 
o 
37°C till the cell density reached to about 2 x 10 viable counts/ml. 
Such exponential cultures were used in all the experiments. 
Preparation of phage stock: Stocte were prepared on plates by con-
fluent lysis method. Phage x was obtained from isolated plaques streaked 
on agar plates. Bacteria from exponential culture were harvested and 
2+ 
resuspended in Mg solution. 0.3 ml of C600 cells were infected with 
phage A.Adsorption was allowed for 20 min at 37°C and plated with 
3.0 ml of molten TA^. Plates were then incubated at 37°C or 42°C (in 
case of Acl_857 phage) till confluent lysis was visible to naked eyes. 
Soft agar containing A was scraped with the help of MgSO. solution. 
1% chloroform was then added to it and the agar was beaten by gentle 
vortexing. Phage A was obtained in the supernatant by centrifugation 
of the lysate. The phage stock thus obtained was stored over few 
drops of chloroform at 4°C. 
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Construction of lysogen: The overnight grown cells of AB1157 
were centrifuged and suspended in equal volume of Tris-Mg buffer 
(pH 8.0). To 1 ml of cell suspension the phage A£1^857 particles 
in the ratio of 5:1 were added and allowed to adsorb for 20 min 
at 32°C. These complexes were then transferred to the boiling 
tubes containing sterile Luria broth and incubated at 32°C till 
o 
the ce l l density reached to 1-3x10 CFU/ml. This cul ture was then 
streaked on agar plates to get isolated colonies. Several bac-
t e r i a l colonies were picked up and tested for prophage induction at 
42°C. The clones growing at 32''C and undergoing lys is at 42°C were 
stored. 
Media 
M i n i m a l medium; The composition of the minimal medium was as under: 
Required amino acids 40 yg/ml (each) 
K2HP0 .^3H20 7.0 g/1 
KH^ PO^ 3.0 g/1 
(NH4)2S0^ 1.0 g/1 
MgS0^.7H20 0.5 g/1 
Sodium citrate 0.5 g/1 
MnSO^ 0.1 ml/1 of (1 mg/ml)' 
Fe2(S0^)3.H20 0.1 ml/1 of (1 mg/ml)' 
Vitamin B^ 0.5 ml/1 of (1 mg/ml)' 
Glucose 100 ml/1 of (10% w/v)* 
* The quantities in the parenthesis indicate the strength of the 
stock solution. All these stock solutions were sterilized 
separately at 15 Ib/sq inch for 15 min and added at the time 
of use. 
* 
* 
* 
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Nutrient broth: Nutrient broth was obtained from Hi-Media (India) 
having following composition: 
Peptone 
Nacl 
Beef extract 
Yeast extract 
pH (approx) 
5fi/l 
5g/i 
1.5g/l 
1.5g/l 
7.4 ± 0.2 
Soft agar: The composition of soft agar used for phage work is as under: 
Nutrient broth 13g/l 
(Hi-Media) 
Agar-agar 7g/l 
(Hi-Media) 
Hard agar; 
Nutrient broth 13g/l 
(Hi-Media) 
Agar-agar 12g/l 
(Hi-Media) 
Media for Ames S t r a i n s 
Medium for master p l a t e s : The composition of the medium for Ames 
tester strains to prepare master plates is as under: 
Sterile 50 X VB salts* 20 ml 
Sterile agar 15 g per 910 ml 
Ster i le 40% glucose 50 ml 
S t e r i l e h i s t i d i n e . HCl.H^O 10 ml 
(2 g per 400 ml H^O) 
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Sterile 0.5 mM biotin 6 ml 
Sterile ampicillin solution 3.15 ml 
(8 mg/ml 0.02N NaOH) 
Sterile tetracycline solution** 0.25 ml 
(8 mg/ml 0.02N HCl) 
The above components were mixed with the molten agar to prepare 
the plates. *^Tetracycline was added only for use with TA102 which is 
tetracycline resistant. 
*Stock solution of VB salts (IX) was prepared using the following 
ingradients. 
MgS0^.7H20 0.2 g/1 
Citric acid monohydrate 2.0 g/1 
K^HPO^ (anhydrous) 10.0 g/1 
^aHNH4P04.4H20 3.4 g/1 
The salts were added in the order indicated to warm distilled 
water and each salt was allowed to dissolve completely before adding 
the next. The solution was then autoclaved for 20 min at 121°C. 
Top agar for Ames testing: The top agar contained 0.6% Difco agar 
and 0.5% NaCl. 5 ml each of sterile solutions of 0.5 mM L-histidine and 
0.5 mM biotin was added to the molten agar and mixed thoroughly by 
swirling. 
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2 X Davis S a l t fo r P r e p a r a t i o n of ADNA from S7/Acl857 Lysogen: 
A. 
B. 
KH^PO^ 
K^HPO^.SHpO 
Sodium citrate 
(NH4)2S04. 
Distilled water 
MgSO^ 
Distilled water 
2.0 g 
7.0 g 
0.6 g 
1.0 g 
500 ml 
0.1 g 
5 ml 
A and B were mixed together a f ter autoclaving. 
B u f f e r s 
Tr l s -Mg Buf fe r (O.OIM) 
O.OIM Tris(hydroxymethyl) 1.211 g/1 
methyl amine 
O.OIM MgSO .^yH^O 2.465 g/1 
pH was adjusted to 4.0 and 8.0. Tris-NaOH was prepared for pH 10.0 
(Buffers used were f reshly prepared), 
MgSO..7HgO s o l u t i o n (O.OIM) : For a l l d i lu t ions except otherwise 
stated, O.OIM MgSO. solut ion was used. 
P h o s p h a t e Buf fe r (Recovery medium) 
0.05M KH2PO4 0.680 g/1 
0.05M K^HPO .^SH^O 1.141 g/1 
Chemicals 
3^ 
The fo l lowing chemicals were used 
Chemicals 
Agar-agar 
Agarose 
Ampic i l l in 
Biot in 
Bovine pancreatic DNase 
Bovine pancreatic RNase 
Bovine serum albumin 
BND-cellulose 
Calf thymus DNA 
Calcium chloride 
Chloramphenicol 
Chloroform 
Diphenyl amine 
Dipotassium phosphate 
Dithiothreitol 
Essential amino acids 
Ethidium bromide 
Ethylene diaminetetra-acetate 
Ethyl alcohol 
Formaldehyde 
Formamide 
Source 
Hi-Media, India 
Sigma, USA 
Ranbaxy, India 
Nutritional BiocheMTiical 
Corporation, USA 
Sigma, USA 
Sigma, USA 
Sigma, USA 
Sigma, USA 
Sigma, USA 
BDH, India 
Ranbaxy, India 
BDH, India 
BDH, India 
BDH, India 
Sisco Laboratories, India 
Centron Research 
Laboratories, India 
CSIR Centre for Biochemicals, 
India 
BDH, India 
BDH, India 
Sarabhai, M. Chemicals, India 
E. Merck, India 
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Glucose 
Hydrochloric acid 
Hydroxyapatite 
Lambda DNA 
Lysozyme 
Magnesium chloride 
Magnesium sulphate 
Manganese sulphate 
6-Mercaptoethanol 
Nutrient broth 
Perchloric acid 
Phenol 
Plasmid DNA 
Potassium Cyanide 
Potassium dihydrogen 
orthophosphate 
Restriction endonucleases 
BamHI 
Bgl II 
EcoRI 
Hindi 
PstI 
Rifampicin 
Sodium chloride 
Sodium acetate 
Sodium ammonium phosphate 
Sodium dodecyl sulphate 
BDH, India 
BDH, India 
Sisco Laboratories, India 
Sigma, USA 
Sigma, USA 
E. Merck, India 
BDH, India 
BDH, India 
Sigma, USA 
Hi-Media, India 
E.Merck, Germany 
BDH, India 
Prepared in our laboratory 
BDH, India 
BDH, India 
Bethesda Research Laboratories, USA 
CSIR Centre for Biochemicals, India 
Bethesda Research Laboratories, USA 
CSIR Centre for Biochemicals, India 
Bio Labs, New England 
IDPL, India 
Sarabhai, M. Chemicals, India 
BDH, India 
BDH, India 
Sigma, USA 
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Streptomycin IDPL, India 
Sulfuric acid BDH, India 
S, nuclease Sigma, USA 
Tetracycline IDPL, India 
Trichloroacetic acid BDH, India 
Vitamin B, BDH, India 
Zinc sulphate E. Merck, Germany 
Jote: The chemicals not included in this list were 
purchased from Glaxo, India. 
CHAPTER III: EFFECT OF NON-PHYSIOLOGICAL PH ON BACTERIA 
SURVIVAL 
LIQUID HOLDING RECOVERY 
AND 
MUTAGENESIS 
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Introduction 
Bacterial injury caused by UV and ionizing radiations has been 
well documented (Auerbach, 1967; Howard-Flanders, 1968 j Witkin, 1976, 
Friedberg, 1985). Ionizing radiations are not found in natural environ-
ment at a value high enough to constitute a hazard to living organisms 
and there is thus an speculation that the existing repair system may play 
an active role in the repair of lesions induced due to non-physiological 
environment (Bridges £t ^., 1959). Effect of various environmental 
factors such as water activity (Troller, 1971), NaCl concentration (McLean 
e^ £[., 1968; Sato £t a]_., 1972), growth medium (Kato et al., 1966), tem-
perature (Walker and Harmon, 1965; Bridges et _al_., 1969a,b; WQOdcock 
and Grigg, 1972; Ahmad £t _aj_., 1978) and pH (Peterson et aj[., 1964; Genigcorgis 
e^ £l^., 1971; Przybylski and Witter, 1979) influence the growth and viability 
of bacteria. Viability of Escherichia coli cells was found to be reduced 
markedly at high pH level that was common in ponds (Nielson, 1955; Oswald, 
1960; Oswald and Gotas, 1965). Injury of E.coli after sublethal acidifica-
tion and its recovery on trypticase soy agar and in phosphate buffer, pH 8.0 
have also been demonstrated (Przybylski and witter, 1979). The pH injuries 
have been characterized as damage to ribonucleic acid, membrane modification, 
and alteration in enzyme activity (Przybylski and Witter, 1979). Furthermore, 
exposure of DNA isolated from irradiated cells of Escherichia col i to a pll 
of 9.6 caused a marked increase in the yield of double strand breaks (Tilby 
and Loverock, 1983; Tilby et al., 1934). 
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The work embodied in this chapter was, therefore, designed to 
estimate the extent of the injury produced by acidic and alkaline environ-
ment, to determine the conditions for recovery of injured cells and to 
identify the genes involved in this system. An attempt was also made to 
correlate with radiation repair system. 
MateriaJs and Methods 
Bacteria, media and buffers are listed in chapter II. Most 
part of the work except the survival was carried out for alkaline pH 
treatment. Survival patterns, however, have been studied under both 
acidic (pH 4.0) as well as alkaline (pH 10.0) conditions. Except otherwise 
stated, the cells were treated for 6 hr. All the treatment buffers were 
freshly prepared. For mutagenecity testing using Ames tester strains, 
the media were prepared according to the procedure of Maron and Ames (1983). 
pH treatment to bacteria: Bacteria harvested from exponentially growing 
O _1 
culture (1-3x10 viable units ml" ) were suspended directly in normal (pH 8.0) 
or treatment buffers of pH 4.0 and 10.0, and were then incubated at 37°C. 
Samples were withdrawn at regular intervals, suitably diluted and plated to 
assay the colony forming ability. 
Post-treatment incubation: Treated and untreated bacterial suspensions 
were diluted ten fold in potassium phosphate buffer (0.05M, pH 8.0) and 
shaken for 2 hr at 37°C. During the incubation period samples were taken 
out, diluted and plated. Where stated chloramphenicol (100 pg.ml" ), r1-
fampicin (10 yg mr^),nal idixic acid (20 yg ml"-^), NAD"*" (1.5 x lO'^M) and 
ATP (1.7 X 10 M) were also supplemented to the recovery buffer. Chloramphenicol, 
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rifampicin and nalidixic acid at these concentrations did not affect the 
viability of untreated bacteria. 
Exposure to ultra-violet radiations; The wild-type E.coli K-12 
strain AB1157 was exposed to alkaline pH for 6 hr. A portion of treated 
cells was exposed to UV and the rest was diluted ten fold in recovery buffer, 
followed by incubation for 2 hr at 37°C. Untreated and treated cells and 
those after liquid holding recovery were plated on nutrient agar. The 
plates were exposed to UV (254 nrii) for 30 and 60 sec to determine UV-sensitivity 
and incubated 0/N at 37°C. Photoreactivation was avoided. 
pH induced mutagenesis; Treated and untreated bacteria were plated on 
nutrient agar containing ampicillin (10 yg ml~ ) or rifampicin (100 yg ml" ). 
Valine resistance and reversion to histidine prototrophy were determined on 
minimal agar plates, using valine and histidine at concentrations of 40 ug ml' 
and 5 ug ml' respectively. 
Ames testing; A set of histidine requiring strains of Salmonella typhimurium 
was employed for mutagenecity testing. Plate incorporation method of Maron 
and Ames (1983) was followed. 
Cell lysis and leakage of UV absorbing materials; Bacterial cells 
from exponentially growing culture were centrifuged and after washing with 
O.IM MgSO. solution the pellet was suspended in treatment buffer (pH 10.0), 
The cell suspension was then incubated at 37°C for 6 hr. At regular interval, 
3 ml of samples was withdrawn and optical density was determined at 650 nm. 
The samples were then centrifuged with 0.1 ml of CaC0„ (10 mg/ml) and the 
supernatants were collected for O.D.measurements at 260 and 280 nm. Estimation 
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of proteins and the i r precursors leaked out of the ce l ls was also done 
according to Lowry et _aj_. (1951). A l terat ion in membrane permeability was 
also monitored using 8-anilino-1-naphthalene sulfonate essent ia l ly fo l lowing 
the method of Allwood and Russell (1967). 
Results 
S u r v i v a l o f pH t r e a t e d b a c t e r i a : The survival of E.coli K-12 and 
E.coli B strains when plated d i rec t l y onto nutr ient agar immediately a f ter 
pH treatment is shown in Figs.1-3. As compared to wi ld- type s t ra in the mutants 
recA, rer, 1exA,uvrArecA and polA showed more sens i t i v i t y to acidic and alkal ine 
pH treatment. Moreover, a lkal ine pH treatment was invar iably found to be more 
damaging as compared to acidic treatment (Figs. 1,2). However, mutants l i ke 
uvrA, recB, uvrD, recF and £hj" were as resistant as the i r parent wi ld- type 
strains (Figs. 1,3). 
Recovery o f pH t r e a t e d c e l l s : Liquid holding recovery of 6 hr a l ka l i 
treated ce l ls was observed in 0.05M phosphate buffer at pH 8.0 (Table 1). 
Contrary to the wi ld- type, recA and lexA mutants did not exh ib i t any s ign i -
f i cant increase in the colony forming a b i l i t y during post-treatment incubation 
in the phosphate buffer. Moreover, the recovery did not seem to be affected 
in the presence of chloramphenicol, r i fampicin and na l i d i x i c acid nor was 
any enhancement in the presence of ATP and/or NAO as the source of energy. 
U V - s e n s i t i v i t y o f pH i n j u r e d c e l l s : UV-sensi t iv i ty of a l ka l i treated 
and untreated c e l l s , and those recovered in phosphate buffer is shown in Fig. 4. 
A lka l i treated wi ld-type ce l ls exhibited a remarkably high sens i t i v i t y to UV 
exposure as compared to the untreated cont ro l . However,the treated ce l ls 
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regained the normal UV resistance during their recovery in the phosphate 
buffer. Chloramphenicol and rifampicin to a large extent did not affect 
the resistance brought about by liquid holding in the recovery buffer. 
pH induced mutagenesis: pH induced mutagenesis was studied selecting 
for resistance to ampicillin, rifampicin and valine colonies as well as 
for reversion of his' to his prototrophy (Table 2), The experimental 
doses of the antibiotics and valine were lethal under the normal conditions, 
A remarkably high mutation frequency was invariably observed. Moreover, 
the pH induced ampicillin resistance in the wild type, recA, uvrArecA 
and lexA strains prior and after the liquid holding was also .investigated 
(Table 3). The table shows that the mutants have almost lost the capacity 
of mutation for the test marker. Furthermore, the recovered wild-type cells 
exhibited a lower frequency of mutation as compared to their unrecovered 
counterparts,while the treated mutants retained the background level prior 
and after liquid holding. 
pH induced reversion of Ames tester strains: Table 4 shows the number 
of histidine revertants at different time intervals. The number of revertants 
per plate scored for TA104 was maximum. Whereas the minimum effect of alkali 
treatment was observed on TAIOO and TA98. These tester strains could be 
sequenced in order of their pH induced mutagenesis as follows: rA]04-TA102 
TA97a >TA100>TA98. 
Cell lysis and leakage of UV absorbing materials: The optical 
density(O.D at 650 nm) of alkali treated cells did not change significantly 
even after 5 hr of incubation at pH 10.0 (Table 5). No appreciable increase 
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in O.D. at 260 and 280 nm was observed in the supernatants obtained from 
treated wild-type cells. However, recA, uvrArecA and rer mutants could 
exhibit a slight increase in the optical density (Table 5). In contrast 
with the above, when the treated cells examined with the help of 8-anilino-
1-naphthalene sulfonate, a dye which fluoresces when combined with protein, 
a slight change in the membrane permeability was observed (data not shown). 
Discussion 
Bridges ^ _al • (1969) demonstrated that the mutations in certain loci 
which render E.coli sensitive to radiations, also enhance its sensitivity 
to heat. Ahmad et a^. (1978) reported the involvement of recA, lexA and 
polA genes in the recovery of heat shocked cells. Polyakov et aj . (1971), 
Parahad and Rao (1974) and Przybylski and Witter (1979) found that the sur-
vival of E.coli decreased markedly when subjected to sublethal addle and 
alkaline conditions. We observed a significant decrease in the survival 
in case of radiation sensitive mutants recA, polA, res, rer and lexA as 
compared to wild-type of E.coli K-12 and E.coli B strains, suggesting thereby 
the probable role of these radiation repair genes in the repair of pH induced 
damage (Figs.1-3). The involvement of these genes has been well documented in the 
repair of UV and ionizing radiations induced damage (Auerbach,1967; Howard-
Flanders, 1968; Witkin, 1976; Srivastava, 1976, 1978). Survival of p_h_r mutant of 
E.coli B was found to be unaffected as compared to its parent strain (Fig.3), This 
leads us to suggest that no such kind of lesions are induced in DNA due to 
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alkali treatment which require the involvement of functional photo-
reactivatino enzyme, as required in case of UV-irradiated DNA (Setlow 
ejt aj^., 1965 j Sutherland, 1978; Snapka and Sutherland, 1980). Various 
minor radiation repair pathways have been suggested involving uvH) , rec.[ , 
red and recB genes (Horii and Clark, 1974; Rothman, 1978; Smironov 
and Abdukhalykova, 1976; Siegel and Race 1981). But in our system these 
pathways did not seem to play an active role (data not shown). 
Survival of pH 10.0 injured cells was found to be enhanced sig-
nificantly when incubated in 0.05M phosphate buffer at pH 8.0 (Table 1). 
No such recovery was observed in mutants, recA and lexA, suggesting the 
role of these genes in the recovery process. Roberts and Aldous (1949) 
and Ganesan and Smith (1968) first reported the liquid holding recovery 
of UV-irradiated E.coli in rich and minimal media respectively. Recovery 
in non-growth supporting media is also not an unusual phenomenon. Magnesium 
mediated recovery has been reported in case of cold shocked and NaCl treated 
cells (Sato and Takahashi, 1969; Sato e_t ^ ., 1972). We observed that the 
colony forming ability of alkali treated cells enhanced significantly in 
phosphate buffer but a small fraction (8%) of cell population still reiriairis 
inviable. Mukherjee and Bhattacharjee (1970) and Woodcock and Grigg (1972) 
demonstrated the recovery of 52°C shocked E.coli in phosphate buffer while 
przybylski and Witter (1979) reported the recovery in the same buffer after 
sub lethal acid treatment to the bacterium. Recovery in non-growth support-
ing medium clearly indicates that the increase in number of survivors 
after alkaline pH treatment is not due to the multiplication of cells, 
rather, it must have been due to the repair of lesions Induced by pH treatment. 
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The recovery of alkali treated cells was not inhibited by metabolic 
inhibitors. The recovery of acid treated cells in phosphate buffer 
also showed no effect of chloramphenicol (Przybylski and Witter, 1979). 
However^the recovery of the viability of the cells heated at 52°C was 
considerably inhibited by rifampicin and chloramphenicol (Mukherjee and 
Bhattacharjee, 1970; Ahmad £t a_l., 1978). 
The alkali treated cells showed enhanced ultra-violet radiation 
sensitivity as compared to the untreated control. However,3Ikali treated 
cells exhibited incomplete recovery to UV damage in phosphate buffer. The 
plausible explanation for the high sensitivity of alkali treated cells could 
be the additive or synergistic effect of pH and UV treatments. This might 
also be attributed to the fact that both the treatments damage the common 
target. When the alkali treated eel Is were allowed to recover in phosphate 
buffer, the number of lesions were reduced to a remarkable extent. The 
partial recovery to UV injury in liquid held cells following the alkali 
treatment suggests that certain pH lesions are repaired during the incubation 
in phosphate buffer. However, the unrepairable pH lesions (about 8% according 
to the viability values) render the cells even more UV-sensitive. The re-
covery to UV injury in liquid held cells also does not require protein or 
RNA synthesis. Low survival of certain DNA repair defective mutants under 
the pH treatment conditions is indicative of the fact that the damage is 
primarily at the level of DNA rather than the RNA or protein inactivation. 
This idea gains further support in view of the requirement of recA and lexA 
gene products for their liquid holding recovery. Injury of E.coli to low 
pH treatment have been characterized as damage to ribonucleic acid, membrane 
modification and alteration in enzyme activity (Przybylski and Witter, 1979). 
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However, E.co1i on exposure to strong alkaline conditions shows destruction 
of the cell wall, outer membrane, changes in plasmolemma, cytoplasmic 
membrane and in the nucleoid (Polyakov £t an_., 1971). The effect of |)H 
on DNA has been studied in great deal under in vitro conditions. Exposure 
of DNA isolated from y-irradiated cells of E.coli to a pH of 9.6 caused 
a marked increase in the production of double strand breaks (Tilby and 
Loverock, 1983; Tilby et a]_._, 1984; Duplaa and Teoule, 1985). Recently, 
Schulte-Frohlinde ejt aj^. (1985) reported that the effect of pH and tem-
perature on the rate of ssb formation is very similar to that observed for 
ssb formation induced by OH radicals. 
Alkali treatment to bacteria seems to have enhanced the mutagenesis 
(Table 2). Data in the table provide us information related to the pll 
mutagenecity. Mutation frequency of pfl treated cells decreases to an appreci-
able extent on incubation in recovery buffer, suggesting that some of the 
mutagenic lesions were repaired during recovery process. Such kind of re-
pairable lesions are referred to a potentially lethal damage (Koukalova 
and Reich, 1981). Contrary to the treated wild-type strain, the mutants recA 
and lexA did not exhibit any increase in the mutation frequency (Table 3). 
This suggest that recA and lexA genes are involved in the induction of 
mutagenic lesions in DNA inflicted by pH injury. These genes are very well 
known to initiate the error-prone repair system and thus enhancing the muta-
tion process in SOS repair (Radman, 1975; Witkin, 1976; Walker, 1985). 
Kunkel (1984) suggested that the majority of induced mutagenesis 
results from deamination and depurination as a consequence of damage to DNA 
brought about by low pH and high temperature. Depurination was also reported 
to occur slowly at alkaline pH (Greer and Zamenhoff, 1962). However,Marrian 
et aj_. (1959) observed the alkali deamination of cytosine ribonucleotides. 
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Moreover, Ullman and McCarthy (1973) revealed that the principal side effect 
of alkali deamination of DNA appears to be chain scission resulting from 
depurination followed by hydrolysis of the sugar phosphate backbone. 
Deamination in DNA and AP sites were proved to be highly mutagenic under 
SOS induced conditions (Kunkel, 1984). We have tested the validity of our 
findings using Ames tester strains (Table 4). The strain TA104 and TA102 
have shown the highest number of revertants per plate. These are the 
C G->T A transition mutants (Maron and Ames, 1983) and thus the revertants 
obtained by alkali treatment should have been formed by the T A-^C G transition. 
In view of the present finding it is clear that alkali treatment brini^ about 
the transition mutation and it is not unlikely if A T rich region might be 
contributing towards the formation of locally denatured regions (bubbles). 
TA102 and TA104 harbour pKMlOl plasmid which invariably enhance SOS repair 
system. Ames testing further supports the idea of pH induced SOS response 
in bacteria. 
Bacterial cells have been reported to be lysed when subjected to 
strongly alkaline condition (Francis ^ a]_^, 1975), However,%e did not 
observe any cell lysis even after 6 hr of incubation at pH 10.0. A small 
change in fluorescence at 450 my indicates a slight alteration in cell mem-
brane, whereas no significant leakage of DNA, RNA or proteins or their precursors 
was ODserved on the basis of the O.D. measurements at 260 and 280 nm (Table 5). 
Only recA, uvrArecA and rer mutants showed a slight increase in the optical 
density which gives an indication that a little amount of macromolecular 
precursors are leaked out during the alkali treatment at least from these mutants, 
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Table 1. Recovery in potassium phosphate buffer (pH 8.0) of E.coli 
after treatment at pH 10.0 
Strai 
Wild-
recA 
lexA 
ns 
•type 
Recovery 
media 
Potassium 
phosphate 
buffer (RB) 
(pH 8.0) 
RB + ATP 
RB + NAD 
RB + Rifam-
picin 
RB + chlor-
amphenicol 
RB + Nalidi-
xic acid 
RB 
RB 
Concen-
tration 
(M) 
0.05 
l.yxlO""^ 
1.5x10'^ 
10 yg/ml 
100 yg/ml 
20 ug/ml 
0.05 
0.05 
Mean % 
0 
68 
67 
69 
68.5 
69 
69 
12.2 
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viability aft 
(Time 
30 
78 
69 
74 
69.5 
74 
70 
11.6 
48 
:er 
in 
inLul)ation 
iiiin) 
60 
87 
75 
91 
78.5 
83 
77 
12.4 
48 
for; 
J 20 
92 
91 
91 
85 
92 
91 
11.9 
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* RB = Potassium phosphate buffer (pH 8.0). 
Table 2. pH induced mutagenesis 
Rif^ Time of Amp 
incubation (10 yg/ml) (25 ijg/ml 
(hr) 
1.1x10"^ 0.84x10"^ 
6 10.5x10"^ 2.3 xlO'^ 
His 
(0.5 ug/ml) 
1.5x10 
11.7x10" 
VaV 
(40 ug/ml 
3.4x10" 
8.2x10 
Amp^ 
His^ 
Rif 
Val 
Ampicillin resistant 
Histidine proficient 
Rifampicin resistant 
Valine resistant 
Table 3. pH induced amp resistance in E.coli before and after 
recovery in phosphate buffer. 
Mutation frequency x IC ^ 
Untreated Treated cells Treated cells "after 
Strains control prior to liquid 2 hr of liquid 
cells holding recovery holding 
Wild-type 11.0 105.0 33.0 
recA 3.3 4.1 5.2 
uvrArecA 2.8 2.9 2.9 
lexA 3.1 . 3 . 0 2.9 
Table 4. pH induced reversion of Ames tester strains 
Strains 
TA97a 
TA98 
TAIOO 
TA102 
TA104 
S9 fraction 
-
-
-
-
-
Number of 
spontaneous 
revertants 
per plate 
116 
37 
184 
232 
384 
Number 
2 
196 
45 
198 
384 
775 
of 
[ 
(T-
induced revertants 
Der plate 
jme in hr) 
4 
289 
48 
200 
756 
1345 
6 
394 
56 
215 
998 
1896 
Table 5. Cell lysis and leakage of UV absorbing materials 
Strains 
Wild-type 
recA 
uvrArecA 
rer 
uvrA 
lexA 
recL 
recF 
0 hr 
0.17 
0.17 
0.19 
0.23 
0.14 
0.14 
0.21 
0.13 
650 nm 
6 hr 
0.19 
0.15 
0.18 
0.22 
0.15 
0.11 
0.20 
0.18 
O.D. of pH 
0 hr 
0.43 
0.54 
0.46 
0.20 
0.51 
0.45 
0.59 
0.41 
10, 
260 
0 
nil 
treated 
1 
6 hr 
0.46 
0.68 
0.56 
0.31 
0.50 
0.42 
0.57 
0.46 
cells 
280 nm 
0 hr 
0.23 
0.25 
0.26 
0.12 
0.37 
0.24 
0.28 
0.22 
6 hr 
0.29 
0.39 
0.32 
0.19 
0.34 
0.25 
0.27 
0.23 
CHAPTER IV: SURVIVAL OF BACTERIOPHAGE LAMBDA 
EXPOSED TO NON-PHYSIOLOGICAL PH 
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Introduction 
Escherichia coli responds to DNA damage with the expression 
of a set of functions usually termed as SOS response. This includes the 
induction of a transitory mutagenic DNA repair system, the activation 
of inducible prophage and of several oLher functions involved in cell 
division and DNA metabolism (Radman, 1974; Witkin, 1976). Induction of 
SOS functions occurs on treatment with the hazardous agents such as UV-
radiations and y-i^ ays (Witkin, 1976; Bresler ejt aj_., 1978). 
With regard to the damaging effect of non-physiological condi-
tions, Ahmad and Srivastava (1980) reported that repair to mildly heated 
(52°C) intracellular phage A requires the same radiation repair machinery 
which is involved in the radiation damage. Moreover, it Is already a 
well known fact that exposure to non-physiological pH, ionic environment 
and temperature significantly affected the stability of viruses (Card 
and Maaloe, 1959; pollard and solosko, 1971). When the in vitro studies 
with A and P„ phages were carried out, it was found that the DNA exhibited 
some sign of denaturation at pH LI.0,while a complete denaturation occurred 
at 11.4. 
Although moderately high pH condition (pH<11.0) drastically re-
duced the survival of bacteria but no serious attempt seems to have been 
made to identify the damage induced in DNA as a result of mild alkali treat-
ment (pH 10.0). 
The work included in this chapter was initiated with a view to 
understand the nature of alkali induced lesions under the mild conditions. 
Our contention was that bacteriophage lambda might serve as a convenient model 
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for this type of work because even a slight change in the DNA should be 
reflected in its plaque forming capacity , especially when we were also 
interested in the role of radiation repair system in this kind of damage 
with particular reference to the SOS repair. 
Materials and Methods 
The strains of lambda phage used in this study were Ac__, A C 1 8 5 7 , 
A red, xbiol and xvjj^. Repair proficient strain of Escherichia coli K-12 
(AB1157) was lysogenised with ACJ857 in our laboratory. The relevant 
genetic markers associated with each E.coli and xstrains are given in 
chapter II (Table 1,2). 
Bacterial cultures were raised in nutrient broth obtained from 
Hi-Media (India). O.OIM Tris-Mg buffer(pH 4.0) and O.OIM Tris- OH (pH 10.0) 
were employed as treatment buffers, while O.OIM Tris-Mg solution at pH 8.0 
was used as dilution buffer and to run the untreated control. Except the 
experiments for the survival of bacteriophages, all the studies were carried 
out under the alkaline treatment conditions. 
Extracellular pH treatment: Phage A (10 PFU/ml) was incubated at 
37°C in the treatment buffers of pH 4.0 and 10.0. Aliquots of 0.1 ml were 
withdrawn at regular intervals,suitably diluted in normal buffer of pH 8.0 
and allowed to adsorb on radiation sensitive and wild-type host strains at 
37°C. The infectious centres were plated on nutrient agar by the double 
layer method. Plaques were counted after overnight incubation of the plates 
at 37°C except for AcI857 which was incubated at 42°C. 
1^9 
Intracellular pH treatment; Bacteria were harvested fron) exponential 
culture and suspended in MgSO. dilution buffer. Infectious centres were 
prepared by adsorbing xat high multiplicity of infection (5:1) to bacteria 
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(2 X 10 cells/ml). The complexes were then treated with either acidic or 
alkaline buffers at 37°C. Aliquots were withdrawn at regular intervals, 
suitably diluted and plated with 0.3 ml of C600 cells and soft agar by double 
layer method. Plaque forming units (PFU)were counted after 0/N incubation of 
plates at 37°C. 
Survival of untreated A in treated host: Exponentially grown cells 
of wild-type and mutant E.coli strains were suspended in Tris-OH (pH 10.0) 
and incubated at 37°C. At regular intervals infective centres were prepared 
separately by adsorbing untreated A to treated bacteria. Unadsorbed phages 
were removed by centrifugation and washing with dilution buffer. Alic|uots 
were suitably diluted and plated with C600 by double layer method. Plates 
were kept at 37°C and PFU were counted after 0/N incubation. 
Liquid holding recovery: Phage A treated intracellularly, was subject(?d 
to liquid holding recovery. The treated complexes were diluted ten fold in 
the 0.05M phosphate buffer recovery medium and incubated at 37°C for 2 hr. 
Samples were taken out at regular intervals to assay PFU. 
Host cell reactivation: Phage A ^1857 and A biol were treated extra-
cellularly at alkaline pH for 6 hr. At different time intervals they were 
allowed to adsorb to untreated wild-type AB1157 and uvrA mutant at 37"C 
for 20 min. Infective centres were prepared, suitably diluted and plated for 
assaying plaque forming units. 
pH induced c mutations of x c : A c was treated with alkaline pH as 
free particles and intracellularly for studying pH mutagenesis in wild-type 
recA and uvrArecA strains. The c mutants were scored according to the 
methods of Defais et al. (1971). 
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V/eigle mutagenesis; Exponentially grown AB1157 and X£ were 
separately treated with alkaline pH for 6 hr at 37°C and the infectious 
centres were prepared at low multiplicity of infection. Unadsorbed phage 
particles were removed by centrifugation and untreated controls were also 
run simultaneously, c mutants were scored on nutrient agar plates after 
24 hr incubation. 
o 
Prophage induction; Exponentially grown lysogen (1 — 4x10 cells/ ml) 
was centrifuged, suspended in Tris-OH (pH 10,0) and incubated at 32"C 
for 3 hr. The cells were again centrifuged and resuspended in nutrient 
broth with or without chloramphenicol (100 yg ml" ) and incubated for 3 hr at 
32°C. A part of the treated lysogen was also incubated in 0.05M phosphate 
buffer (pH 8.0) for 2 hr prior to the liquid holding in nutrient broth. 
Incubation of treated cells in the phosphate buffer resultexlin the increase 
of viable counts (chapter III). Aliquots were taken out at regular intervals, 
suitably diluted and plated with C600 cells. The plaques were scored after 
0/N incubation at 42°C. Untreated controls were also run simultaneously. 
1U3S_U1 L_S 
Survival of A on Extracfl luluj' pH Treatment 
Extracellular treatment of A C^  (w.t.) both at pH 4.0 and 10.0 
upto 6 hr had no effect on plaque forming ability. Survival was identical 
on the wild-type and all radiation sensitive strains. Similar results were 
obtained with Avir, Abiol and Ared. Because there was no effect of non-
physiological pH on A the data are not shown. 
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Survival of A on I n t r a c e l l u l a r pH Treatment 
Survival of Ac_ at pH 4.0 and 10 .0 : Intracellular treatment to 
X phage at pH 4.0 and 10.0 resulted in the loss of PFU. At pH 10.0, A phage 
was found to be more sensitive as compared to pH 4.0 in all the com[)lexes 
(Figs. 1,2). The decline in PFU at pil 10.0 was more pronounced in A com-
plexes with uvrArecA, recA, )yr and IcxAmutants as compared to those of 
uvrA, recB and wild-type strains. 
Survival of A red and A bio3 at pH 4.0 and 10 .0 : Treatment to 
A red-E.coli complexes at pH 4.0 and 10.0 showed a significant loss in PFU 
(Figs. 3,4). A red-recA, A red-uvrArecA, A red-rer complexes were found to 
be more sensitive as compared to A red-w.t. complex. Complexes of A red 
with recB, uvrA, and lexA were not as sensitive as those with recA, uvrArecA 
and rer_ loci. Relative sensitivity of Ac^  , A red and A bioi complexes with 
wild-type E.col i strain is shown in Fig. 5. Both the mutants were more sen-
sitive to pH treatment as compared to the wild-type xc_ strain. 
Survival of un t r ea t ed phage in a l k a l i t r e a t e d b a c t e r i a : The survival 
of untreated A c^  in treated recA mutant was found to be remarkably decreased 
at pH 10.0 as compared to those of treated wild-type and uvrA strains (Fig.5). 
The loss in PFU in A c -recA and ^£ed'W.t. complexes was almost similar. The 
survival of untreated ),c_ in pH treated wild-type cells was found to be similar 
to the intracellularly treated AC -w.t. complex (Figs. 2,6). However,the 
xc -recA complexes were found to be less sensitive to alkali treatment as com-
pared to intracellular treatment condition. 
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Liquid Holding Recovery 
When pH 10.0 injured E.coli cells were incubated in recovery buffer 
at 37°C, a significant recovery of colony forming ability was observed 
(Chapter III). Whereas, when V-w.t. was held in recovery buffer for 7. hr 
after alkaline pH 10.0 treatment, no significant increase in PFU was obser-
ved (data not shown). 
Host Cell Reactivation 
The results in Table 1 show the survival of alkali treatod Acl857 
and A biol mutants in untreated wild-type and uvrA strains,, Alkali treatment 
did not result in the significant loss in PFU with uvrA host" even after 6 hr 
of incubation at 37°C. 
pH Induced _c^  Mutations 
The data for the induction of c-lear from turbid plaques morphology 
of A is given in Table 2,3. The results revealed no increase above spontaneous 
level with extracellularly treated A. However, a slight increase in the in-
duction of ^mutants was observed in case of intracel lularly treated A. On 
the other hand, intracellular treatment of A-re£A and A-uvrArecA did not show 
any induction of clear plaques (Fable 3). Moreover, no significant change 
in mutation frequency was observed during liquid holding in 0.05M phosphate 
buffer. A remarkably high mutation frequency was observed when treated 
phage particles were allowed to adsorb to alkali treated wild-type bacteria. 
Interestingly, the untreated phage adsorbed on alkali treated bacterium also 
brought about the induction process (Table 2). 
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Prophage Induction 
Table 4 shows the induction of prophage as a result of alkali 
treatment to lysogen during the post-treatment liquid holding in the 
o'jtrient broth. A fraction of the lysogenic population exhibited in-
duction of lytic cycle during the liquid holding at 32°C. Contrary 
to the above, untreated cells did not exhibit any increase in the PFU, 
Treated lysogens incubated in O.OSM phosphate buffer (pH 8.0) prior to 
liquid holding in nutrient broth did not significantly affect the PFll. 
In the presence of chloramphenicol no prophage induction was observed. 
Discussion 
In vitro effect of low and high pH on the DNA molecule is well do-
cumented (Greer and Zamenhoff 1962; Ullman and McCarthy, 1973; Til by and 
Loverock, 1983; Tilby^aJ_., 1984). However, a little effort has been 
devoted for in vivo work. We have selected lambda- E.coli system as a 
model to investigate the pH induced lesions in DNA. The plaque forming 
ability of the complexes was used as an index for pH induced damage and 
its repair. Under the extracellular treatment conditions both at pH 4.0 
and 10.0 the survival of A was unaffected. In case of A and P2 phage 
almost complete denaturation was reported at pH 11.4 (Inman, 1974). 
However, it seems that under the mild pH treatment conditions (pH 4.0 and 
10.0) A proteins as well as its DNA are not damaged to a large extent. 
Since the treated phage DNA was allowed to infect on its host, It is also 
possible that the micro-lesions in DNA, if any, might have been repaired 
inside the normal host. On the other hand intracellular treatment to phage 
5^1 
DNA with non-physiological pH resulted in the loss of plaque formint) units 
(PFU) indicating thereby,a nidjor damage in the metabolic machinery of host 
bacterium which in turn affected tho vegetative multiplication of the 
phage (Figs. 1,2). 
Regarding the involvement of DNA repair genes, defect in the recA 
and J2£r loci render the bacterial cell more sensitive to non-physiolog1cal 
pH treatments. In contrast to pH 4.0 exposure, IjexAmutant exhibited a 
slightly high sensitivity to alkaline pH (Figs. 1,2). Moreover, the A red 
and A biol mutants were also more sensitive as compared to to wild-type 
strain which suggests the role of red^ and gam genes in the repair of 
pH lesions (Figs.3-5). In view of the similar survival of Ar;e_d and 
Abiol mutants, ^ am gene does not seem to play any active role in this 
type of repair process. The involvement of red gene in the repair of 
I -rays induced single strand breaks has been demonstrated earlier 
Srivastava, 1973). Ahmad etaj. (1978) and Ahmad and Srivastava (1980) 
also reported the involvement of rj_cA and l_ex/\ genes of E. col J and red 
gene of A in the repair of heat induced lesions. 
A-uvrA complex was as resistant as with the wild-type counterpart 
(Figs. 1,2). Moreover, the lack of host cell reactivation of phage A 
also indicates that the excision repair is not an active mechanism for 
the repair of pH induced lesions (Table 1). Boyle and Setlow (1970) re-
ported the host cell reactivation of UV-irradiated phage in un-irradiated 
host and suggested the involvement of excision repair in the UV-induced 
damage. 
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The contribution oT rec_l\ red and rer genes was almost identical. 
The red gene of A and recA gene of ]^ .£ol i_ seem to be exerting a com-
plementary effect on the pH induced lesions. Complementarity of the 
two genes have also been reported for the radiation and heat repair 
processes (Srivastava, 1973; Ahmad and Srivastava, 1980). 
In view of the involvement of recA and lexA genes, we suggest the 
induction of SOS response during the alkaline pH treatment. The idea 
also gained appreciable support by the induction of prophage in the 
lysogen and induction of £ mutation as a result of alkali treatment 
(Tables 2-4). The induction of prophage also required the de novo 
protein synthesis. The role of £er gene for the initiation of SOS res-
ponsewasalso suggestedtySrivastava (1978). Prophage induction by UV 
and X-ray is well established and is considered to be one among the 
many SOS responses;(Lwoff £t a/l_., 1950; Witkin 1976). Induction of 
prophage is also being used as a simple parameter for testing the poten-
tially mutagenic agents (Moreau, et aj_., 1976). 
When the alkali treated bacteria were allowed to infect by the 
untreated phage the frequency of £ mutation was found to be increased. 
This enhancement was much more pronounced with treated phage. This 
finding clearly suggested that diminished proof reading activity of 
DNA polymerase(s) was the major cause of mutagenesis. Villani qt; al_. 
(1978) also suggested that treatment of DNA damaging agents induced an 
inhibitor which inhibits or reduces the proof reading 3'-5' exonucleo-
lytic activity of constitutive DNA polymerase. Recently^Lu e_t .al_. 
(1986) have provided evidence that recA protein binds to e subunit of 
DNA polymerase III and thus reduces the proof reading activity of the enzyme. 
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As compared to E.col 1, liquid holding recovery of PF(J of A was 
not observed when pH 10.0 treated A-host complex was held in recovery 
buffer for 2 hr at 37°C. The lack of recovery may be due to the inability 
of infected bacteria to recover in the phosphate buffer , since the repair 
of DNA and its multiplication depend upon the state of host. In the case 
of intracellular treatment where the host has also been injured, the re-
covery involving de novo synthesis does not take place due to infection 
of phage. It is well known that DNA, RNA and protein syntheses of the 
host were inhibited following infection with A (Cohen and Chang , 1970). 
It was suggested by Padan et al. (1976) that slight change in the 
environmental pH does not harm the bacterial cell owing to the regulation 
of internal pH of the cell for its survival. But it seems beyond doubt 
from this work that after the external pH exceeds to the tolerable limit, 
the internal pH is also affected resulting in the damage to the metabolic 
machinery. Moreover, the chromosomal as well as other DNA molecules present 
in the cell also get injured to an appreciable extent. To cope up with 
the hazardous effect of high pH, the cell protects itself utilizing its 
constitutive as well as inducible repair machinery. Interestingly, the 
well documented SOS response seems to play an active role to deal with 
the offensive non-physiological stress. 
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Table 1 . Host cell reactival.ion in A phage on alkaline ))H 10.0 
Time of 
incubation 
(hr) 
0 
2 
4 
6 
X£l857 
Wild-type 
(AB1157) 
100 
93 
92 
88 
uvrA 
100 
97 
90 
86 
Abiol 
wild-type 
(AB1157) 
100 
91 
86 
85 
uvrA 
100 
92 
84 
82 
Tab le 2 . pH induced mutagenesis in phage Ac 
Time of 
incubation 
(hr) 
0 
6 
Mutat 
Extracellularly 
treated phage 
3.8 
3.2 
ion 3 frequency per 10 
Treatment to 
bacteria alone 
3.8 
5.3 
PFU 
Weigle 
mutagenesis 
3.7 
12.6 
Table 3. Frequency of mutation per 10 PFU with intracellularly treated Ac 
Strains Spontaneous 
mutation 
frequency 
Induced 
mutation 
f)'equency 
Mutation frequency 
after 120 min incuba-
tion in recovery buffer 
Wild-type 
recA 
uvrArecA 
2.8 
1.5 
l.l 
3.7 
1.5 
i.O 
3.5 
1.5 
0.8 
Tab le 4 . Induction of prophage on a lka l i treatment 
Time of 
incubation 
in nutrient 
broth 
(hr) 
0 
1 
2 
3 
Control 
1.0 
1.04 
0.992 
0.992 
Aft 
tr(j 
Pri 
.er al 
'atmen 
3 hr 
1.0 
1.12 
2.99 
10.37 
rophage induction per 10^ lysogetis 
i In presence Held in recovery 
or of chlorampheni- buffer for 2 hr 
col (lOOijg/nil) after treali-ient 
1,0 L.O 
0.97 l.IO 
0.96 2.19 
1.0 10.31 
CHAPTER V: IN VITRO STUDIES ON ALKALI INDUCED LESIONS IN DNA 
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Introduction 
During the past several decades the effect of pH on physico-
chemical properties of DNA have been extensively studied (Vilbrandt and 
Tennet, 1943; Sukhorukov et al., 1972; O'Conner et al_.,]982; Morris and 
Shertzer, 1985). Recently, Schulte-Trohlinde et al. (1985) have reported 
that effects of pH and teniporature on tiio rate of ssb formation are \'ery 
similar to those observed for ssb formation induced by OH radicals. Wo 
therefore, employed restriction endonucleases, S, nuclease and some analy-
tical techniques to envisage the damaging effect of the alkaline pH, its 
nature of lesion on the genetic material, as well as its correlations with 
other damaging agents. 
Restriction endonucleases selectively recognize and cleave double 
stranded DNA within or near their respective recognition sequence (Smith,1979; 
Klied ^ aj_., 1976). These endonucleases harbour a novel group of properties 
such as preference for certain restriction sites over others in the same DNA 
molecule (Nath and Azzolina, 1980; Thomas and Davis, 1975), and relaxation 
of the recognition sequence specificity under altered pH and ionic conditions 
(Polisky et a2., 1975; Hsu and Berg, 1978; Catherine and Hartley, 1979). 
Halford e_t aj. (1980) reported that the recognition and cleavage of DNA by 
the EcoRI restriction endonuclease is influenced by pH and ionic stiength 
of reaction mixture, and under altered experimental conditiiDns different re-
action rates were observed at each recognition site. Although the en/ymes 
themselves are much sensitive to change of experimental conditions but a slight 
change in the substrate DNA may also contribute to the alteration in the enzyme 
specificity. We have tried to analy;>e the effect of slightly altered DNA 
obtained by prior exposure to high pH on enzyme specificity. 
S nuclease, on the other hand has been widely used In the study 
of DNA secondary structure thr'ouqh a variety of approaches (Shishido 
and Ando, 1972; Shishido and Andu, 1980; Thomas e1^ _a_l., 1984). It hydrolv/(-; 
single stranded regions in duplex DNA and also detects locally altere'd str-
uctures (minor distortions) introduced by physical and chemical procedures. 
(Shishido and Ando, 1982). The enzyme has also been reported to convert 
superhelical DNA to a nicked circular molecule and then to unit length 
linear molecule (Shishido, 1980; Shishido and Ando, 1982). The Aspergillus, 
Neurospora and mung bean nucleases are not effective on double stranded 
DNA. Moreover, the single stranded nucleases isolated from Aspergillus, 
Neurospora and Alteromonas have been shown to recognize and cleave the 
minor distortions in duplex DNA induced by UV light, depurination and 
carcinogenic and mutagenic reagents (Shishido and Ando, 1982). Furthei^more, 
the homopurine and homopyrimidine sequences are reported to be S, hyper-
sensitive sites in DNA (Cantor and Efstradiatis, 1984; Pulleyblatik et aj.,1985) 
The minor distortions or changes in the secondary structure of DNA 
have been studied employing several techniques. HydroxyapatUe chromato-
graphy (HA) is one of the efficient procedures which has gained widespread 
use in the study of nucleic acids (Rernardi, 1971). Its most popular analy-
tical application is the separation of ss and ds DNA (Kohne and Britten, 1971; 
Martinson, 1973). This technique is based on the fact that denatured nucleic 
acids have less affinity for hydroxyapatite than their double stranded counter-
parts. Hydroxyapatite can also be used to distinguish between various types 
of single stranded molecules (Martinson, 1973).A number of possible mechanisms 
have been considered to explain the variations in affinity for hydroxyapatite. 
These includes (1) changes in adsorption affinity due to variations in the 
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interactions of the nucleic acid base and hydroxyapatite (2) variations 
in the charge densities of different nucleic acids,(3) variations in 
distribution of phosphates on the nucleic acid, (4) variations in the 
distribution of ions and water molecules during adsorption of differ'erit 
nucleic acids and (5) variations in the steric ability of the nucleii.: 
acid backbone phosphate for stenc interactions. The possibilities l-'l 
are considered to be of minor significance in special case. On the other 
hand variations in the configuration of the sugar phsophate backbone 
appears to be principally involved in modifying the adsorption affinity 
of double stranded nucleic acid. 
Although the application of hydroxyapatite chromatography in the 
nucleic acid research is wide spread, a number of other procedures have 
also gained popularity in this field. Especially>the BND-cellulose has 
been used to measure the growing points in a r'eplicating DNA (Scudiero and 
Strauss, 1974) and to detect in vitro post-replication repair. The method 
of detection of post-replication repair relies on the ability of the column 
to adsorb DNA containing single stranded regions (Brash and Hart, 1978). 
Washing with 1.0 M NET buffer (0.3 M NaCl, 10'"S EDTA and 0.01 M Tris-HCl, 
pH 7.5) elutes double stranded DNA and subsequent washing with IM NET + 50'/;i 
formamide or 2" caffeine elutes single stranded DNA and double stranded UNA 
containing single stranded regions (Iyer and Rupp, 1971). Adherence of 
DNA to BND-cellulose represented by the fraction which elutes with 50/,; 
formamide or 2% caffeine in IM NET is considered to be due either to bind-
ing of single stranded regions, or binding of aromatic residues to the 
resins (Karran et al., 1984). 
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Alterations in the DNA structure have also been studied using 
the genetic procedures, like transformation experiments (Spizizen, 
£t cil., 1966; Erickson, 1970; Cohen e^ jn_., 1972). The changes in the 
secondary structure are directly related with the transformation fre-
quencies which can be used as a direct index of the structural alteration 
in the DNA (Chakarbarty et a]., 19/5; Yuqin et al-, 1983). In fact the 
transport of DNA by an active process into the recipient cell is the 
first step in transformation (Erickson, 1970).This transport process was fdund to 
be more sensitive to external factors than the process of growth and re-
quires protein competence factor in certain bacterial strains flomasz, 
1969). McCarthy and Nester (J969) reported 90X reduction in transloriiia-
bility in case of heat shocked (50°C) competent jI._coli cells. On the 
other hand the transformation frequency was found to be drastically re-
duced if the transforming DNA was heat denatured, single stranded or 
was alkylated with actinomycin D or ethidium bromide,etc. (Chakrabarty 
^ a ^ . , 1975; Haque, 1979; Yuqin ^ ^ . , 1983; Lee and Lim 1984). 
Materials and Methods 
Restriction endonucleases EcoRI and BamHI were purchased from 
Bethesda Research Laboratories, USA., PstI was obtained from Biolabs, 
New England. Hindi, Bglll and A DNA were from CSIR Centre for Biochemicals, 
Delhi. Calf thymus DNA (sodium salt, average mol.wt. 1 million) was obLained 
from Sigma Chemical Company, USA. pBR322 plasmid DNA was prepared in our 
laboratory. Hydroxyapaptite was purchased from Sisco Research Laboratories, 
Bombay, India. S, nuclease, BND-cellulose and agarose were from Sigma Chemi-
cal Company, USA. All the chemicals used were of analytical grade and water 
was double distilled in glass. 
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R e s t r i c t i o n a n a l y s i s o f a l k a l i t r e a t e d DNA; The res t r i c t i on 
buffer of EcoRI res t r i c t i on endonuclease contained 100 mM NaCl, 50 iiiM 
Tns-HCl (pH 7.5), 10 mM MgCl„ and 1 niM ?-mercdptoethanol. 5X res1 ruc-
t ion buffer of Bg l l l contained 500 iiiM NaCl, 50 mM Tris-HCl (pH 7.5) , 50 riiM 
MqCl and 50 mM 2-mercaptoethanol. Ihe 5X res t r i c t i on buffer for H U K I I 
2 
contained 300 mM NaCl, 50 mM Fris-HCl (pH 7.5), 50 mM MgCl2 and 5 mM 
d i t h i o t h r e i t o l . 
Restr ict ion digestion was carried out by the addit ion of 10 unil's of 
r es t r i c t i on enzymes in a to ta l reaction mixture of 20 M1 containinij 1 ug o1 
^DNA. After incubation at 3/°C for 2 hr, the reaction was terminated by im-
mersing the tubes in water bath maintained at 70°C. After 15 niiri, tubes were 
taken out of the bath and kept at room temperature for 5 min and 0.02% bromo-
phenol blue was added. 
The res t r i c t i on buffers of normal pH (7.5) were taken in case of con t ro l , 
whereas for DNA treatment pH was adjusted to 10.0 with 0.2N NaOH. The DNA was 
treated with Tris-OH (pH 10.0) for 6 hr and formamide (8%) was added to stabi -
l i ze any structural change 3 hr pr ior to the completion of the treatment. Lontroi 
was also run under the ident ical condit ions. Ihe pH of the reaction buifor- was 
adjusted to pH 7.5 pr ior to the incubation with enzymes for digest ion in the 
treated sample. 
Agarose g e l e l e c t r o p h o r e s i . , : The\ digests (20i i1) alongwith c) lye et'o I-dye 
mixture (50% g lycero l , 0.25% bromophenol blue) were applied on the s lo ts . 
Vert ical slab gel electrophoresis was carried out using 0.8% agarose. The 
slab gel was pre-electrophoresed at 60mA for 30 min and the normal run was 
performed at 10 mA in electrophoresis buffer(89 mM Tr is ,2 .5 mM EDTA and 8.9 mM 
boric ac id) for 7-9 hr. The DNA bands were stained with ethidium bromide and 
fluorescent p ro f i l e was photographed by UV-i l lumination through fotodyne 
UV-300 t rans i l luminator . 
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Degradation of alkalj treated DNA by S nuclease: Saniple'i 
containing 500 pg of native and alkaline pH treated calf thymus UNA 
were incubated in the presence of 10% forniamide for 6 hr at S/T,. The 
pH of the reaction mixture was then readjusted to neutral by adding 
O.IM HCl. One sample of the UNA hypertonically shocked for 6 hr with 
IM MgSO- + 57o NaCl solution was also included to compare the effect with 
that of alkali treatment. To this DNA solution, S, nuclease buffer (0.?M 
acetate buffer, ImM ZnSO ,pH 4.5) was added. The mixture was incubated 
with 500 units of S, nuclease at 37°C for 2 hr. The reaction was stopped 
by the addition of 1 ml of cold 14% perchloric acid and 0.2 ml of 10 mg/ml 
bovine serum albumin. The tubes were immediately transferred to an ice 
bath and kept at 4°C for atleast 1 hr prior to the centrifugation step to 
remove precipitated protein and undigested DNA. The acid soluble nucleo-
tides were determined in the supernatant by the diphenyl amine method ot 
Schneider (1957). 
Hydroxyapatite chromatogrHphy (HA_): HA chromatography was performed 
as described by Bernardi (1971) using bed volume of 2.3 cc (colufiin dimens-
ions 3x1 cm).HA chromatography ol untreated and treated DNA was carric^d out 
as follows. To 1 mg of DNA suspended in 0.5 ml of TNE, a calculated amount 
of O.IN NaOH was added so as to reach its pH to 10.0 and incubated for 6 hr 
at 37°C. The alkali treatment was given in the presence of 10% formaldehyde. 
After 6 hr of incubation, the pH was neutralized by adding equimolar 
amount of O.IM HCl. Samples containing 1 mg of DNA were loaded on the column 
and the elution was made with a stepwise gradient of phosphate buffer (pH 
7.0). 3.0 ml fractions were collected at the rate of 10 ml/hr. DNA eluted 
in various fractions was determined spectrophotometrically at 250 nm. 
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BND-ce] ] ulose chromatography : A slurry of BND-cel lulose was 
prepared in 0.3M NET buffer and the fines were removed by decantation. 
The resin was regenerated following the standard procedure which con-
stitutes the stepwise washing with water (50 ml per 6 gm of rosin), 
0.3M NET buffer, 50% foririaiiiido in IM NET buffer and finally wilh U.3M NET. 
The washed resin suspended in U.3M NET was poured into the column of I cm 
diameter containing a glass wool at the bottom so as t;o acfiieve a column 
length of 4 cm. The column was equilibrated overnight with 0.3M NEI 
buffer and 1 mg of native and treated calf thymus DNA was separately loaded, 
Stepwise elution of DNA with the following buffers in the given order was 
carried out i.e. 0.3M NET, IM NET, IM NET + 50% formamide. Seven frac-
tions of 0.3M NET buffer and ten fractions each of IM NET and IM NET + 50% 
formamide were collected at the rate of 10-12 ml/hr. 
Preparation of pBR322 DNA: E.coli HBlOl cells harbouring pBR322 
plasmid were harvested from 500 ml of amplified culture and the pellet 
was suspended in 10 ml of 10% sucrose in 50 mM Tris-HCl, pH 8.0. The 
cell suspension was then treated with 2 ml of fresh lysozyme solution 
(10 mg/ml in 0.25M Tris-HCl,pH 8.0) plus 8 ml of 0.25M EDFA. The mixture 
was placed on ice for 10 min. 4 ml of 10% SDS was then gently mixed with 
a glass rod. Finally,5M sodium chloride was immediately added so as to 
reach its final concentration to IM. The suspension was centrifuged 
at 30,000 rpm for 30 min to remove the particulate matter. The super-
natant was then treated with RNase (20 pg/ml) for 2 hr at 37°C. The 
suspension was then extracted twice with phenol chloroforni mx'lture (1:1) 
and once with chloroform. After each extraction the aqueous phase was 
transferred to a clean tube. The extract was supplemented with two volumes 
()'l 
of ethanol and kept at-20"C for ?4 hr. Ihe DNA was then rer.oveyed by 
spinning at 15,000 rpm for ;'() iniri at 4"C. The pellet was washed with 
70% ethanol at room temperature and dried in a dessicator. The purified 
DNA was finally dissolved in 2 ml TE (10 mM Tris-HCl, pH 8.0; O.lmM [D[A). 
Gel electrophoresis of S^ hydrolysed pBR322 DNA; Plastriid DNA 
(3 ug) in a total volume of 20 (jl was subjected to all<ali treatment for 
6 hr. The reaction mixture was supplemented with 10% formamide. 3 hr before 
the termination of treatment. After5hr of incubation the pH was readjusted 
to neutral value by adding O.Olfl HCl. 5 x S, buffer was added to the un-
treated and treated samples and incubated with 20 units of S. nuclease at 
37''C for 2 hr. The reaction was Uien stopped by the addition of J5 mM 
EDTA. The samples were loadeil on J;:', agarose gel and electrophore'-.is was 
performed at 20 mA for 4-5 hr, DNA bands were stained with ethidiuni bro-
mide and the fluorescent profile was pl-iotogr'apticd. 
Mini preparation of plasiiiid UNA: l-or mini preparation of [ilasmid 
DNA,a slightly modified procedure for the rapid alkaline extraction method 
of Birnboim and Doly (1980) was followed. Plasmid harbouring HBlOl cells 
were grown 0/N at 37°C in nutrient broth in the presence of ampicillin 
(100 pg ml ). 3 ml of cells were centrifuged and suspended in normal 
and treatment buffers of pH 8.0 and 10.0 respectively followed by in-
cubation at 37''C for 6 hr. The treated and untreated cells were then 
harvested by centrifugation in eppendorf tubes for 30 sec. The bac-
terial pellet was suspended and incubated for 30 min at 0"C in 68 gl of 
lysis solution consisting of 2 ml 50% glucose, 0.2 ml 0.5M EDTA, 0.25 ml 
1 M Tris-HCl, pH 8.0, 20 mg lyso^yme and 7.55 ml water. Thereafter, 
135 .1 alkaline SDS (0.4 ml 25% SDS, 2 ml IN NaOH and 7.6 ml water) was 
added and the suspension was inculiated for 5 iiiin at 0"C. After centri-
fugation, the volume of superriatanl was measured and half volume o1 
high salt solution was added. C(!ntrifugation for 15 min was perfoniied 
in cold and the plasmid DNA in the supernatant was precipitated by add-
ing one volume of ethanol and incubating at -70°C for 2 hr. The DNA 
was collected by centrifugation, washed twice with ethanol and dissolved 
in 50 uj TE buffer. 
Gel electrophoresis of i^ vivo alkali treated pUC8 Plasmid: 
The recovered plasmid DNA from untreated control and treated cells were 
directly loaded on \% agarose gel on a horizontal gel electrophoresis system. 
The electrophoresis was performed at 20 mA for 4-5 hr. The DNA bands were 
stained with ethidium bromide and fluorescent profile was photographed by 
UV-illumination through Fotodyne UV-300 transilluniinator. 
Preparation of lambda DNA: E.co_l| 594 (cI857-S ) lysogen was grown 
at 32°C to reach the cell density upto 5 x 10^ cells/ml. 130 ml of ?M 
glucose and 335 ml of Davis salt (Chapter II) were added to the flask and 
incubated at 40'X for 1 hr with constant shaking. The flask was Incubated 
at 37°C for 3-4 hr and the ci.'lls were centrifuged at 8,000 rpm for 
10 min. The bacterial pellet was suspended in previously chilled 500 ml 
of O.OIM Tris-Mg buffer (pH 7.4),6 ml chloroform was then added to the 
suspension and it was kept at 5°C for 10-12 hr. The lysate obtained 
after the removal of last traces of chloroform was treated with DNase 
and RNase (1 mg/ml) at 37°C for 30 min. The suspension was recentrifuged 
at 8,000 rpm for 10 min. Supernatant was collected in polyethylene tube 
and again centrifuged at 20,000 rpm for 1 hr. The pellet obtained after 
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centr i fugat ion was col lected and resuspended in a to ta l volume of 8 ml 
of O.OIM Tris-Mg buf fer , pH 7.4. 
The ^ stock was then proceeded for i t s DNA preparation. Equal 
volume of freshly d i s t i l l e d phenol containing 50% chloroform was added 
and shaken gently for 20 min. The lower phase was discarded which was 
followed by the addit ion of equal volume of phenol. The aqueous layer 
containing the DNA was col lected and the CD at 260 was recorded. 
E l e c t r o p h o r e t i c p a t t e r n of S.. nuc lease d i g e s t e d Lambda DNA : 
Lambda DNA (2 yg) in a to ta l volume of 20 v'l was subjected to a l ka l i treatment 
for 6 hr. The reaction mixture was also supplemented with ]0% formamide, 3 hr 
before the termination of treatment, to s tab i l i ze the d i s to r t i on in DNA, 
After 5 hr of incubation,the pH w<^s readjusted to neutral value by addinq O.OIM 
HCl. To th is 5 X S, buffer was added. The reaction mixture was (nnibated 
with 20 units of S, nuclease at 37"C for 2 hr. The reaction was stopped by 
the addit ion of 25 mM EDTA. The DNA samples were loaded on horizontal electro-
phoretic system employing 0.8% agarose. The electrophoresis was perfomied 
at 20 mA for 4-5 hr. DNA bands were stained with ethidium bromide and the 
f luorescent p ro f i l e was photographed by UV-illumination through fotodyne 
UV-SOO t ransi l luminator . 
Transformation of Escher ich ia c o l i (AB1157) Ce l l s with pBR322 
and pUC8 Plasmid DNA 
P r e p a r a t i o n o f competent c (^L ls : An overnight cul ture of AB1157 
was centrifuged at 4°C at 5,000 rpm for 10 min The supernatant was 
discarded and the bacter ial pe l le t was resusp(;nded In equal volume of 
normal and treatment buffer separately. The Lubes were incubated at :i7"C 
for 6 hr. The cel ls were again centrituged at 5,000 rpm for 10 min and 
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the bacterial pellet was resuspondod in 10 ml of ice cold O.IM M()SO. 
and kept in cold for 10 niin. The cells were again centrifuged in 
cold and the pellet was finally suspended in 10 ml ice cold O.IM CaCl 
and incubated at 0°C for 6 hr. The cell suspension was then condensed 
to 1 ml. 
Transformation: For transformation, 0.2 ml of the competent cells 
were taken in two sterile microfuge tubes and 2-3 yg of untreated and 
treated pBR322/pUC8 DNA was added to each and incubated at 0°C for 
30 min. The cells were given a fieat shock at 42''C for 5 min and then 
again kept at 0°C for 20 min. The cells suspension was then mixed with 
1 ml of Luria broth and incubated at 37"C for 1 hr. It was then suitably 
diluted and plated on nutrient agar (jlates supplemented with either 
50 pg ml ampicillin or 50 pg ml" ampicillin plus 10 iig ml" tffra-
cycline. The antibiotic resistant colonies were scored after O/N inrutmlKin 
at 37°C. 
Results 
Activity of restriction endonucleases with alkali treated DNA; 
Treated DNA exhibited altered digestion pattern with EcoRI and Hindi 
as compared to their respective control. An extra band was noticed with 
EcoRI between the first and second band whereas several bands were obtained 
with Hindi in the upper region of the gel (Fig. 1). Digestion patterns 
of Bglll and psti did not show any significant change with treated 
DNA (Figs.2,3). 
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Degradation of alkali treated DNA by S-. nuclease : S, nuc 1 easi! 
from Aspergillus oryzae recognizes distortions in the secondary structure of 
DNA caused by base deletions and damage by chemicals and UV light (Shishido 
and Ando, 1974; Weigand £t aj_., 1975). Table 1 shows the hydrolysis of 
native and alkali treated DNA in the presence of 10% formamide by S, nuclease. 
S, nuclease activity at this concentration of formamide appeared essentially 
unaltered (Case and Baker, 1975). A significant hydrolysis of DNA was 
observed in case of treated DNA &[, compared to that of control. The extf?nt 
of hydrolysis in treated DNA corresponds to 99 vq of acid soluble DNA as com-
pared to 16.5 pg in control and even less i.e. 6.6 ^g with hypertonically 
shocked DNA 
Hydroxyapatite chromatogra]>hy: Tig. 4 shows the chromato()rdni of the 
alkali treated and native DNA. Untreated DNA was eluted in two maj'or peaks 
corresponding to 0.20M and 0.25M phosphate buffer elution. The pattern of 
elution was remarkably different with the treated DNA. The treated DNA 
comes off the column in three major peaks with 0.15, 0.20 and 0.25M phosphate 
buffers. It is worthy to note here the typical pattern of the peaks. The 
second peak eluting at 0.25M observed with the native DNA was significantly 
reduced in the treated DNA and seems to have been shifted towards low phos-
phate molarity. The appearance of new peak at low phosphate molarity with 
treated DNA was proportional with the reduction in the second peak of 
control experiment. 
BND-cellulose chromatograi)hy : The elution patterns of native and 
alkali treated DNA in the BND-cellulose column are shown in Fig. b, 
Both the treated and native DNA were eluted out in two major peaks, But 
the area covered in the two peaks are remarkably different under the 
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treated and untreated conditions. Much more amount of treated DNA was 
eluted out at IM NET with 50% foriDamidc contrary to the untreated control. 
Apparently^it seems that the first pt'ak elutincj at IM NET is being reduced 
with the concomitant and proportionate increase in the area of second peak, 
Electrophoretic pattern oJ' S^ hydrolysed plasmld DNA: 
In vitro treatment of pBR322 DNA with alkaline pH did not exhibit any sig-
nificant change in the intensities of the three distinct fonns of DNA. 
However, incubation with S, nuclease after alkali treatment resulted in 
a significant change in the population of the three DNA species (Fig. 6). 
The lowest band in the treated DNA followed by S, digestion loses its 
intensity with the concomitant increase in the middle band of the electro-
phorogram. It is established fad thai relaxed, linear and closed cii'cular 
forms appear in the increasing order of mobilities (Alvi et a ] . , J9(i4). 
Electrophoretic pattern ol in vivo alkali treated pUC'H pJaioriiid: 
The electrophoretic pattern of in vrvo treated plasmid DNA is shown In I ig. / 
The experiment was performed in order to detect DNA strand breaks produced 
intracellularly as a result of alkali treatment. As shown in the figure, 
untreated plasmid DNA has two distinct bands corresponding to close circular 
and relaxed molecules. However, with the alkali treated DNA a perceptible 
change in the relative intensities of these DNA species was observed. The 
intensity of the band corresponding to close circular form was found to 
be reduced with a concomitant increase in linear and nicked DNA molecule. 
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Electrophoretic pattern of Ire_a[od A DNA digested with S 11ucJ e;Lf,e : 
The electrophoretic pattern of uiiLreatod diid alkali treated lambda DNA with 
and without digestion with S, nu(.lease is shown in Fig. 8. Lanes 1 ami ,' 
show the S, digest of untreated control and alkaline pH treated DNA res-
pectively. Whereas the lanes 3 and 4 correspond to native and the alkali 
treated DNA. No discrete band of DNA was observed in lane 2 as compared to 
lane 1. In other words, a decrease in the intensity of band with the con-
comitant smearing was observed. However, no appreciable change was noticed 
in the intensity of bands as well as in the mobility of the native DNA in 
the presence and absence of S, nuclease. 
Effect of alkali treatment on the transformation frequency in E.coll 
Table 2 shows the frequency of transformation with the alkali treated and 
untreated DNA. Moreover, one combination of treated cells was also taken 
to determine the transformation frequency. The transformation freciuenc^ was 
reduced with the treated DNA as well as with the treated cells. However, 
the degree of reduction was much pronounced with the alkali treated cells 
(64%) as compared to that of treated DNA (48.5°/)-
It has already been reported that in vitro recognition and clcaviuje 
of DNA by the EcoRI restriction endonuclease is influenced by the pH and 
ionic strength of the reaction (Polisky £t a]_., 1975). An ionic strength 
dependent endonucleolytic activity in FcoRI preparations has also been 
noticed (Griffin et a^., 1974 ; Robberson and Fried, 1974). Moreover, 
Halford et al. (1980) demonstrated that under altered experimental conditions 
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different reaction rates were noticed at each recognition site. We 
observed an extra band in the digestion pattern of EcoRI under the 
altered state of DNA as compared to the normal substrate. It is there-
fore, suggested that change in digestion pattern is not only due to 
altered enzyme activity as demonstrated by Polisky £t^ ^ . (197(3) and 
George e^ il- (1980) but the change in the secondary structure of DNA 
may also be a contributory factor towards altered behaviour of the enzyme. 
According to Thomas and Davis (1975) the nucleotides beyond the 
hexanucleotide sequence have a moderate influence on the probability of 
cleavage by the EcoRI endonuclease. Present report suggests that not 
only the recognition sequence but the bases in the vicinity of the se-
quence also play an important role. 
Bglll and PstI exhibit no change in the digestion pattern under 
the altered state of substrate suggesting that the distortion in DNA 
recognized by EcoRI is not susceptible to Bglll and pstI cleavago. Thi'; 
differential behaviour of the test restriction enzymes raises the two 
possibilities. Either the DNA is altered at specific sites to the extent 
which is recognised by certain enzymes and thus resulting in their altered 
behaviour or secondly, the altered enzymatic activity is responsible for 
changed digestion pattern. Our results with ionic strength as well as 
those obtained with alkylating agents by A1am and coworkers (unpublished 
observation) also support the idea that fidelity of EcoRI makes it more 
discriminative among the five sites even though the DNA might be having 
alterations throughout the DNA molecule. Otherwise, a wide variety of 
changes in DNA by different agents could not be explained with the same 
reasoning. Moreover, Hindi digestion was remarkably altered und(;r our 
experimental conditions which further' str-engthens the pnssibilit.y thai 
DNA is physically distorted thronqhout its length resulting theroby, In 
the partial digestion of DNA owing to its large number of cleavage sites 
and due to high sensitivity to recognise the unique three dimensional 
structure of recognition sequence. 
Altered behaviour of certain restriction enzymes under non-physiolo-
gical conditions has been reported by several workers (Polisky e_t aj ., 1975; 
Tikchonenko £t al_,, 1978; Clarke and Hartley, 1979; George £t aj^., 1980). 
They invariably attributed this effect to the altered enzyme specificity 
and none could included the possible change in the substrate DNA under the 
non favourable environment. In view of the present findings, we conclude 
that the altered behaviour of certain restriction enzymes should not only 
be regarded as the consequence of enzyme alone, it would equally rely on 
the state of substrate which certainly undergoes significant transitiofi. 
This suggestion further gains support with remarkably different S, nuch^ise 
digestion pattern under alkaline conditions. We can perhaps also argue 
that one should consider the state o*" s'bstrate while referring to the 
specificity of enzyme under non optimal conditons. 
We have employed single strand specific nuclease to further study 
the distortion in the secondary structure of DNA. Data in Table 1 shows 
that alkali treated DNA on S. digestion undergoes 19.8% hydrolysis whi(.h 
was estimated to be equivalent to 99 ug of acid soluble nucleotides rel-
eased in supernatant as compared to 16.5 yg in control. These results 
indicate that alkali treatment brings about distortion in DNA helix which 
were susceptible to S, nuclease cleavage. It has recently been reported that 
S nuclease hydrolyse single stranded regions in duplex DNA and also detect 
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locally altered structures (minor distortions) introduced by physical and 
chemical procedures (Shishido and Ando, 1982). 
Hydroxyapatite and BND-cellulose chromatographic techniques also 
indicated the alterations in the secondary structure of DNA caused by 
alkali treatment.As is obvious, from the Figs. 4,5 the native and treated 
DNA have different affinitiesof retention on the HA and BND-cellulose 
columns. It seems plausible that the alkali treatment brings about a 
change in the configuration of sugar phosphate backbone which is princi-
pally involved in modifying the adsorption affinity of double stranded 
nucleic acids. The similar explanation was also given in the case of DNA 
treated at high temperature (Martinson, 1973). Hydroxyapatite is a well 
established procedure for fractionating single and double stranded nucleic 
acids (Ahnstrom and Erixon, 1981), a subtle difference in the secondary 
and tertiary structures of nucleic acids can also be discriminated by this 
technique. These structural alterations presumably give rise to different 
distribution of groups available for the interaction with adsorbing sites 
on HA (Bernardi, 1971). 
Our data of BND-cellulose chromatography revealed that tlio ciiiiount 
of DNA eluted with IM NET plus '30% formamide in case of treated DNA was 
significantly higher than the control (Fig. 5 ) , indicating thereby, the 
formation of local opening in treated DNA. It seems likely that the nucleic 
acid bases which are not involved in normal base pairing in the locally 
denatured regions interact with the hydrophobic substituents of the 
matrix . As a result the treated DNA having single stranded regions was 
retained on the column. It is an established fact that the DNA is fraction-
ated on BND-cellulose on the basis of their degree of single strandednoss 
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(Iyer and Rupp, 1971-, Caffin and Mackinlay, 1975) and it has also been used 
to measure growing points in replicating DNA {Scudiero and Strauss, 1974). 
Our results on the S, nuclease hydrolysis of treated DNA also supports the 
idea of the formation of single stranded regions in treated DNA as detected 
by BND-cellulose chromatography. 
The electrophoretic pattern of native and alkali treated lambda 
DNA shows that the mobility of treated DNA as a result of S, digestion was 
significantly higher than its undigested control (Fig. 8). This indicates 
that the treated DNA is susceptible to nuclease attack. It results in the 
formation of breaks at distorted sites and causes hydrolysis of DNA. 
Our results with the plasmid DNA also support the idea of S, suscep-
tible sites formation as a result of alkali treatment (Tigs. 6,7). We have 
already discussed the formation of single stranded regions in alkali treat-
ed calf thynus DNA. These sites were susceptible to S, nuclease cleavage. 
With plasmid DNA also, the population of linear DNA species was found to be 
enhanced as a result of S, treatment to the alkali treated DNA with the con-
comitant reduction in the supercoiled and relaxed forms (Fig. 6 ) . The formation 
of double strand breaks and S, nuclease sensitive sites have already been 
reported in y-ii^t^adiated DNA (Barbara ejt aj_., 1984). 
The transformation of E.coli (AB1157) cells with alkali treated plasmid 
DNA shows a significant reduction in the frequency of transformation (Tat)le ?.). 
Similar results were also obtained with the denatured ,sonicated and single 
stranded DNA (Chakrabarty e^ al „, 1975; Hague, 1979; Yuqin £l: <j^ l., 1983). 
Our data also shows the reduced transformability with the alkali treated 
E.coli cells. This might be due to the reduced viability of treated eel Is involvinc 
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the damage to the cell envelope. This postulation gains support in view 
of our previous findings (Chapter III). Pierson e_t _al. (197?) have pre-
sented evidence for the reduced transformabil ity owing to the heat and 
pH labile nature of the competence factor. Moreover, _E._colj cells nn ex-
posure to 0.2% NaOH or KOH showed destruction of cell wall, outei^ iiieinbrdne 
and changes in plasmolemma (Polyakov et ^., 1971). Our results aro.t.hore-
fore, in conformity with the ear'! ier observations. 
In view of the present findings with the S. nuclease and restriction 
enzymes as well as those obtained employing the hydroxyapatite and BND-
cellulose chromatography, we suggest that mild alkaline pH on prolong ex-
posure brings about the disruption of hydrogen bonding between the stacked 
bases of the DNA probably due to the deprotonation of bases. It occurs 
as a result of subtraction of protons from the acid-base groups participating 
in the hydrogen bonded structure that brings about the rupture of hydrogen 
bonds. It may also cause change in configuration of the phosphate backbone 
resulting in distortions in the secondary structure of DNA. These local 
openings or single stranded regions as well as other alterations in ttif.> 
secondary structure are speciiically recognised and selectivity cleaved by 
restriction enzymes as well as by single strand specific 'i, nuclease. In vivo 
studies with different DNA repair defective mutants also support I he prr<;enl 
postulation. A remarkably hi(ili degree o1 cross reactivity bet.wc!en the 
antibodies raised against the ss DNA and alkali treated DNA further supports 
the idea of bubble formation (unpublished observation). 
Fig. 1. Electrophoretic pattprn of flcoRI cind Hindi digested \ IJN/\ 
Lane I Untreated DNA digeUed with EcoRI 
Lane 2 Alkali treated DNA digested with EcoRI 
Lane 3 Untreated DNA digested with Hindi 
Lane 4 Alkali treated DNA digested with Hindi 

Fig. 2. Electrophoretic pattern of Bglll digested x DNA 
Lane 1 untreated DNA 
Lane 2 Alkali treated DNA 

Fig. 3. Electrophoretic pattern of psti digested ADNA 
Lane 1 Untreated DNA 
Lane 2 Alkali treated DNA 

F i g . 4 . Hydroxyaoatite Aromatography.of nati^^e and treated ca l f thumus DNA 
Panel A Nati^'elNA 
Panel B A lka l i treated DNA 
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F i g . 5. BND-cellulose chroma tog rai)hy o l native and treated cal f thumus DNA 
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Fig. 6. Agarose gel electrophoresis of treated pBR322 DNA 
Lane 1 Untreated DNA . 
Lane 2 Alkali treated DNA 
Lane 3 Untreated DNA digested with S, nuclease 
Lane 4 Alkali treated DNA digested with S, nuclease 
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Fig. 7. Agarose gel electrophoresis of pUCH DNA following j_n vivf) 
alkali treatment to the plasmid harbouring cells 
Lane 1 Untreated DNA 
Lane 2 Alkali treated DNA 
1 
Fig. 8. Agarose gel electrophoresis of S, nuclease digested A DNA 
Lane 1 Untreated DNA digested with S. nuclease 
Lane 2 Alkali treated DNA digested with S. nuclease 
Lane 3 Untreated DNA 
Lane 4 Alkali treated DNA 
1 2 U 
Table 1. Degradation of treated (alf thymus DNA by S nuclease 
Treatment 
conditions 
Percent DNA 
hydr'olysis 
iJ n of dc id '-oIublG 
UNA nucleotides 
Control 
High ionic strength 
(l.OM MgSO +^S^ NaCl) 
3,,i 16.6 
6J> 
Alkal ine pH 10.0 19.8 99, U 
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CHAPTER VI: GENERAL DISCUSSION 
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Bridges et _a_l_. (1969) suijyesti'd the role of radiation repair 
system in the damages inflicted by natural en>/ironmeiital fluctiiat inns. 
They have also demonstrated a direct correlation between the repair pru 
cesses operating upon the radiation and heat induced damages. Ahmad 
£t ajl_. (1978) and Ahmad and Srivastava (1980) further supported thf* 
idea of Bridges et al_. (1969) and [ir'ovided evidence that the major 
genes involved in the ionizing radiation repair also play on active 
role in the recovery to mild heat injury. This led us to initiate 
studies on the two other physiological parameters, pH and ionic 
strength. Present investigation provides a scientific approach towards 
answering the open question regarding the existence of the so called 
radiation repair system in view of the non-hazardous doses of radia-
tions reaching to the present biosphere. Our contention regarding 
the selection pressure exerting upon the evolving biological system 
against the elimination of 'the radiation repair machiner'y' was the 
continuously persisting non-physiological fluctuations in the environ-
ment. An attempt was made to put to tost our hypothesis iiL preliminary 
level employing simple organisms, [.a)li ami bactcriophaijo A. 
A difference of three pll units in both the directions from th(> 
physiological pH (-- 7.0) caused a damacje of only 30 percent in ttie wild-
type ^.co]j_ with respect to its viability values. Obviously, it should 
be regarded under the mild and sublethal injury to the test organisms. 
Even bacteriophage A ,under these conditions, as free particles retained 
their cent percent plaque forming ability. Assay of the colony forming 
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ability of bacteria following exposure to non--physiological pH revealed 
that probably recA, lexA, pol and rer genes are involved in pH induced 
damage. However, the role of recB, u_vrA, £.ec_F and phr genes could not 
be recorded to an appreciable extent. Ahmad et a]. (1978) also reported 
the same kind of repair process in mild thermal {b?.°C) injury. Ihe 
former loci have also been i-efmrLed to play an active role in UV add 
ionizing repair (Town et aj ., 19/2, S)'ivastava, 1976 , 19/8; Walker, 191.15). 
The pleiotropic effect of _r(n;A and ICKA genesis also well documented 
in initiating diversified types of response in _E.colj_ . We furtlier 
support the idea of complex functions of these genes in the survival, 
growth and metabolism (Chapter- III, Fig. 2). These genes are e.sseritifil ly 
required for functional SOS repair (Radman, 1975; Witkin, 1976). Th(3 
role of rer gene has also been implicated in initiating the SOS response. 
It was suggested to regulate the coordination between replication and 
repair, possibily by reducing the rate of replication process (Srivastava, 
1976). Witkin (1976) and others have suggested that SOS r^esponse should 
have been the last resort to combat with the damages inflicted by the 
hazardous agents. Interestingly, l:.co_H cells getting a sublethal injury 
seem to have initiated a significant amount of SOS response (Chapter III 
and IV). A remarkable degi-ee of enhanced mutagenesis as well as thi. 
prophage induction in the alkali treated eel h, further '-.upports the 
postulation regarding the initiation of SOS response in the l",i:olj/> >ystoni 
(Chapter III and IV). 
The E.coli cells treated with alkaline pH 10.0 for 6 hr could 
be able to recover when they were incubated for 2 hr in 0.05M phosphate 
buffer. This recovery in the viability was again dependent upon functional 
733?/ 
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recA and 1exA genes. The £ec_A and lexA dependent liquid holding recovery 
was also reported earlier in the case of ionizing r'adiation damage (('own 
e^ ^ ] _ ^ , 1971 , 1972). Interestingly, the recovery in the viability m'i 
concomitant with the reductior) in potentially mutagenic lesions (Chapter H I ) , 
Even the metabolic inhibitors like nalidixic acid, rifampicin and chloi"am-
phenicol as well as ATP and NAD could neither enhance nor reduce the re-
covery process which clearly suggests that such type of recovery in re-
covery medium does not require de novo biosynthesis of DNA, RNA and 
proteins. 
The alkali treated cells could regain only a partial UV resistance 
during liquid holding in the recovery medium. Moreover, contrary to the 
E.coli system, the liquid holding recovery of PFU of A was not observed 
when alkali treated A -E.cqli complexes were held in recovery medium fof 
2 hr. The lack of recovery may be due to the inability of infectetl bacterid 
to switch on certain genes involved in the multiplication and sin-vival cif 
host, since it is well known that. DNA, RNA and protein synthe-.es of the 
host are inhibited following infection with A (Cohen and Chang, 19/(1). Aliinad 
and Srivastava (1980) also reported the recovery of mildly heated (52°C) 
bacteria in the liquid medium but not of intracellular A phage. 
Insignificant role of major pathways involving excision and photo-
reactivation as well as the limited contribution of the minor pathways re-
quiring the functions of recF, uvrD and recB genes are indicative of the 
fact that the pH lesions are entirely different from those induced by 
UV radiations. 
In vitro studies lead us to suggest the presence of single stranded 
regions or local opening (bubbles)in the alkali treated DNA molecules. In 
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view of the data on mutagenesis with Ames tester strains as well as 
the findings obtained with restriction enzymes, it seems likely that 
probably A T rich regions are more susceptible to alkali injury and 
there might be the formation of but,>bl('S in the DNA within or in the 
close proximity of A T rich sites (Chapter III & V). These single 
stranded regions were susceptible to S, nuclease digestiion. The bubble's 
could serve as the primary alkali lesions in the DNA. The bacterial 
repair machinery should recognize these primary lesions and; probably 
DNA polymerase I and/or recA protein act upon these lesions to form 
single strand breaks and gaps which might be serving as the secondary 
lesions. 
In view of the present and past findings we would like to present 
a model for alkali induced lesions and their repair in j:.col_i (Mg. 1). 
Short periods of alkali treatment (low doses ) cause transient 
local openings of DNA at various points. A T rich sites are the more 
likely candidates for these bubbles formation, lo _v1_v_q, these sp«,'cific re-
gions are recognised and attackiMJ by [)Nase(s) resulting in the nicked [)NA 
(Chapter III). As the alkali treatment prolongs and the cells are not held 
in recovery medium, these primary and secondary lesions in DNA initiate the 
SOS response. As is obvious from our data on mutagenesis (Chapter III, 
Table 4,5), when the treated cells were incubated in the recovery medium 
certain lesions were probably repaired by the constitutive error proof re-
pair machinery and the residual lethal lesions perhaps require the induction 
of SOS repair. The intensity of the SOS response in the liquid held cells 
should obviously be relatively low. 
Recovery of alkali treated cells in the phosphate buffer is a 
type of partial reversible and enzymatic activation of DNA as well ab 
reactivation of metabolic and ie[)cnr machinery of treated cell not in-
volving the de novo biosynthesis of mat romolecules. UltuiiaUly, it 
somehow exerts a lavourable effpcl on the viability and growth ol dlk-ili 
injured cells. 
The local openings induced m A DNA, if any, by pxtracellular 
alkali treatment are renaturcd due to physiological conditions prevailinq 
during infection, l-lowever, if A DNA was treated intracel lularly In the 
host, nuclease(s) induced single strand breaks followed by formation of 
gaps which would require the activity of repair enzymes. It is evident 
from our in vitro studies that single strand breaks are not formed as a 
direct consequence of alkali treatment but the breaks could appear as a 
result of nuclease action (Chapter V ) . Nicked DNA will be subjected to fast 
rejoining by DNA polymerase I and ligase (Town et a_l_., 1971 , 1972; Srivastava, 
1974; Pauling and Beck, 1975), while the remaining breaks/gaps require 
functional recA, lexA and rev genes. For the repair of A DNA, Lhe gene 
products of _re_cJ\, rer^, lexAol I".coll and re_d of A are recjuired The laiiilidd 
in the prophage state also get> detcK hcd from the host chi omosnim^ dnd initii 
tes the vegetative multiplication ryc.le in the treated cells. [ntereslliKily, 
the untreated A on infection witli the treated host exhibits an (Mihanu'd mu-
tagenesis, which is evident from the increasing number of c; mutation Ihis 
could be explained only on the basis of reduced fidelity of host replication 
machinery. Recently, Lu et _al. (1986) have demonstrated the binding oF re(J\ 
protein with the r subunit of DNA polymerase III and this binding was held 
responsible for the inhibition of proof reading activity of the enzymes. 
Prophage induction, W-niutagenesis as well as enhanced mutagene^sis wilfi 
untreated phage in treated host, further leads us to believe towards 
the induction of SOS response in alkali treated bacteria. 
It was suggested by Padan e_t a]^. (1976) that slight change in 
the environmental pH does not harm the bacterial cell owing to the 
regulation of internal pH of the cells for its survival. But it seems 
beyond doubt from this work that after the extracellular pH exceeds the 
tolerable limit, the internal pH is affected to a significant extent 
resulting in the damage to DNA. On the other hand, in contrast with 
the earlier findings for the damages produced by high pH ( - 10,0), we 
could not get an appreciable amount of lysis or a remarkable disruption 
in the cell membrane, as is evident from the insignificant leakage of 
260 and 280 nm material. 
In conclusion, it seems likely to argue that the radiation repair 
system basically acts upon tho losiuri'. induced by hazardous envit oniiientdl 
agents under the prevailing conditions of the atomsphere. 
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SUMMARY 
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Encouraged by the preliminary deport of Elridges vi a1. (1M69) 
on the correlation between heat atid radiation sensitivit h^ s which was 
later supported by Ahmad et al. (1978) and Ahmad and Sriviii.tdva {\%0), 
we became interested in the role of DNA repair system under non-phys Idlogii.al 
pH conditions. For this pur[)Oi.e we selecled various radiation benslUve 
mutants of E.coli and certain strains ol bacteriophage \ The t?fl('(.t ol 
non-physiological pH on Lcql_i and bar teriophage A was studied to find oul 
the nature of pH induced lesions in our system under botli the in v^t^rq as 
well as in vivo conditions. In view of the relatively low damage of E.c£li 
cells exposed to acidic pH 4.0 and sufficient literature available on the 
DNA treated under acidic conditions, most of the worl< innirporated in the 
thesis was performed under mild alkaline (pH 10.0)conditions. The studies were 
also directed, (1) to explore the possibility for the involvement of major 
DNA repair genes in all<ali treated E.coJJ cells and bacteriophage A, (2) td 
compare pH induced damage and its repair with those of radiation and m1ld heat, 
and (3) to envisage an appropriate mechanism for the injury of cells to non • 
physiological pH and its repair. Some significant findings are suiriiitar1/ed 
as under: 
Effect ol Nun-Jlhy.fiJ-_o_lj2g2-5^ Jil_ pH on Bactei'ltj 
1. A significant decrease in tlu' survival of radiation sensitive iniilatits ra.A, 
polA, res, j^ er^  andljexAwas observed as compared to their wild-l/pe i oiinlerparM.", 
2. The survival of £hr_ mutants of [.col^ B was found to be unaffected with re-
spect to its parent strain, thus the possibility of the involveirienl nf 
photoreactivation process was ruled out. 
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3. The pH 10.0 injured colls v^ erc found to be recovered when 1iicut)al;eii 
in 0.05M phosphate buffer, pll 8.0 ut, 37 ^ C for 2 hr. Only .5 small fi-a(.-
tion (8%) of cell population still remained inviable. The recovery of 
alkali treated cells was not affected by metabolic inhibitors such as 
rifampicin and chloramphenicol nor was it enhanced in the presence of 
ATP or NAD . No such liquid holding recovery was observed in mutants 
recA and lexA. 
4. The alkali (pH 10.0) treated cells showed enhanced UV-sensitivity as 
compared to the untreated control. However, alkali damaged cells exhi-
bited incomplete recovery to UV damage in 0.05M phosphate buffer. The 
recovery of UV injury in liquid held cells does not require protein 
or RNA syntheses. 
5. Bacteria exposed to alkaline pH 10.0, exhibited an enhanced level (jf 
mutagenesis. However, the mutation frequency of the trtvited cells de-
creases to an appreciable extent following incubation in recovery buffer 
for 2 hr. Contrary to the treated wild-type, the mutants recA and 1exA 
did not exhibit any increase in the mutation frequency. 
6. Alkali induced mutagenesis was also studied using Ames tester strains. 
TA104 and TA102 strains have shown the highest number of revertants per 
plate. These are the CG ' lA transition mutants and thus the reverl.ants 
obtained by alkali treatment should have been formed by the Ih^-Cil 
transitions. 
7. An insignificant amount of lysis was observed upto 6 hr of alkali treat-
ment. Moreover, the leakage of the precursors of protein, RNA and DNA 
was also not recorded even at higher doses. 
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El feet of Non-pliy.s Lo logical pH on BacterJophuge \ 
1. Extracellular treatment of phage x as free particles at pH 4,0 and 
10.0 upto 6 hr had no cfiei t on plaque forming units (PFU). 
2. Intracellular treatment to A phaije at [iH 4.U (Uid 10.0 resulted in lo< , 
of PFU. At pH 10.0,A phage was found to bo more sensitive as compated 
to pH 4.0 in all the complexes. The decline in PFU at pH 10.0 was more 
pronounced in A complexes with uvrA _recJ\, £ec_A, r^r and lexAniutants as 
compared to those of uvrA,recB and wild-type strains. 
3. Ared-recA, Ared-uvrArecA, Ared-rer complexes were found to be more sen-
sitive to pH 10.0 as compared to Ared-w.t. complex. The red gene of A 
and recA gene of E.col i seeiii to have a complementary effect on the pH 
induced lesions. 
4. The inactivation of PFU of A depends on the state of the host. When wild-
type and recA hosts were treated with alkaline pH and infected with 
untreated A phage, the PFU of A declined with increase in the treatment 
dose to bacteria. The A-recA (.omplex was more sensitive to pH 10.0 as 
compared to A-w.t. 
5. Contrary to alkali treatment to bacteria alone, liquid holding rcHovei'y 
of PFU was not observed when \-E .col i_ complexes were iieUI in recovery 
buffer. 
6. The host cell reactivation does not seem to be operative on pll Induend 
lesions because no significant loss in PFU was observed wit.h pH JO.O 
treated ACI857 and Abj_ql mutants in untreated wild-typ^ and uyrA 
strains. 
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7. Alkali treatment was found to be mutagenic to intracellularly trecitt'd 
A phage. Treatment to x -recA and x -uvrArecA complexes did not show any 
induction of clear plaques. However, no significant change in the muta-
tion frequency was observed following liquid holding of treated cells 
in 0.05M phosphate buffer at 37"C. A remarkably high mutation frequency 
was observed when treated phage particles were allowed to adsorb on alkiili 
treated wild-type bacteria. 
8. A fraction of lysogenic po[)ulati()n exhibited induction of lytit cycle 
during the liquid holding in nutrient broth at ^7°C after alkali Irecitmeht 
to lysogens for 3 hr. Incubation in recovery buffer prior to liquid 
holding did not significantly affect the [irocess of induction while 
complete inhibition was observed in the presence of chloramphcnif.ol. 
In vitro Studies on Alkali Induced Lesions in DNA 
1. An e;<tra band was noticed with EcoRI and several additional bands were 
obtained with Hindi, on digestion of alkali treated DNA with these 
restriction endonucleases. 
2. A significant hydrolysis of DNA (99 pg of acid soluble material for 
500 yg DNA) was observed in case of alkali treated DNA as compared to 
that of 16.5 pg in control and even less i.e. 6,6 ug with hypert(jrii-
o 
cally shocked DNA on incubation with S, nuclease at 37 C. 
3. Hydroxyapatite chromatography showed a remarkably different pattern of 
elution with the alkali treated DNA. Native DNA eluted from tiUo column 
with 0.2M and 0.25M phosphate buffers, whereas an additional peak was 
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observed at 0.15M elution. This is indicative of the fact that alkali 
treated DNA might have undergone a significant amount of denaturation. 
4. The alkali treated and native DNA were eluted out in two major peaks 
on BND-cellulose column. But the area covered in the two peaks was 
remarkably different under the treated and untreated conditions. Much 
more amount of treated DNA was eluted out at IM NET + 50% forniamide as 
compared to the untreated control. The first peak eluting at IM Nl.'.l 
has been reduced with the concomitant and proportionate increase in 
the area of second peak. This finding is also in accordance with the 
idea of certain degree of local denaturation. 
5. In vitro treatment of lambda UNA and plasmid pBR322 DNA with alkaline 
pH 10.0 did not exhibit any significant change in the electrophoretic 
pattern. However, incubation with S, nuclease after alkali treatmunl. 
resulted in the decrease in the intensity of the band and smearing with 
lambda DNA.With plasmid DNA, the population of linear DNA species was 
found to increase with the concomitant reduction in the supercoiled and 
relaxed forms. Almost similar kind of changes in the population of 
three DNA species of pUC 8 plasmid were observed when the E.coli cells 
harbouring the plasmid were treated with alkaline pH. 
6. The transformation frequency was reduced with the treated DNA as well 
as with the treated cells. However, the degree of reduction was much 
pronounced with the alkali treated cells (64%) as compared to that of 
treated DNA (48.5%). 
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